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blB fiolp in tl^ ©Arl^ r itsgos of thQSo elvMoQw 
t tbanfc l^of* w» Rafiaan, Bead of the dieRdletry ©©partcsont 
for %m fact It U« 8 provided* 
I 00 sum Iftioljted to t!M Mnistry of C©fence <QO¥t» of 
fndi©) for tho iront of a loew for sftudy to tifiasrtak^ tb®«o 
studio g« 
(rOamiBBA PR ATAP) 
ifcwiijtiaiiL f i t I l a iiiijWfiniinSmiiiB iiii 
ttt»iw* HnrnTT c^ THE ?^ ttJ»iir* mpumm 
i« tmncmtfstm 3 ^ 
t* mm^n.MnMi^m, 
B 
i« mmm m^mmm 
m,fiiieim nmom tsmWmma ' has slno© 1-otif laen « 
subjo^ of Inireitlgsticai of Hd3,ogl@tS| cUsialxyte mQ ^m^e^ 
©figiii©@j?«» Halo^ Jita of tftes© atti^ l©® li»« IJIIMI %& titidorstand 
tH# »odjeiil« of %Tmn^m% pmmm09 mmvting m^m» living 
mmi)rBm»0 Uving m 10%! m mtim^^ m&&f^ mmshrmBs h^w 
to v0p%&t& tfe© ^oaa Bi@f!i!ji'a!ie» ^ si^lileiasl onoi in secie eaeas* 
in oxMapi© iB tbd a@ l^«im@iit of ©ftlfiisltil ki<lR©r» Bssiaesi 
th«s© iiiwiiigstlem© b&w lc(€ to tm donelopeont of i«»i txo&mgo 
ia€sil>rim©8 wbtoii find i^pllesttwi in in^sitty tor pnspi^m$ mth 
&s a0t«l,lnatto»» isitraWtltffttl<^ «tcii Wisiljapmo i^i©et3?o«0» uio0 
for tlio aotai?siiiatl«»i of tout© acftiirltlos in solutims aro ttio 
oiitcO80 of yoi mGtbBr latojroft In tlil© floXd« 
Invaitlgatoi?» In thla flol^ having «o aivoi^ a* lnio3?estSt 
hm& foisftd I t difficult to gitr© a stn^e aofinitlm of tiio 
t0iBi «ttQm!>r8iio* irtetc^ woudld ©over I t s vaaPiou« a«ijpo«ftf# Soillrter 
Cl) fee« tfflod to give % ocsB l^tto dofiiiltion to tti« toi» «ai^ l»r8no«, 
Heoordlng to him »A laeiBfcrfiRo |« a phoso or stwi^tif© intoi|?ofio4 
l>etve«ai tvo iifessos or cosipttrtiBOnts iMi^ obstructs or ooc^l^stoly 
prevonts grost mmn sioveraQfit Isetvetn tho icittort but p»mdt9 
pm»fiW3i vith vorloef iegiwoa of restrlotlofii of cm or fivori^ 
dpool60 of pf»rticAo8 fpm ttio imo to tfeo ol&or or tMtv»en tfeo 
^pl.im0i iwm mitsta® t© tft# Itttto^f Iwto <9^or foifsf of ©nefgy** 
In tlspli^ iat<i8% l@ a««eil%@d 8» «*A ptieiset nmt^tf tmi^td* 
gtnotts, «cftittg m a l>wP3^ ®r to the flmi of iBOl#<!j&lay ^ i ienle 
«l»@olei p i^ t^ t III tlt@ l l ^ a t m4/pr iripoitrs eotittel^ifig t ^ 
HI iiattii?©t en© ewes mms9 « vast twialstr of mmtf^emm 
with &iff^mn% p^fSBuabtlitioi to if&!im» mtntm^ f^W^ mximt 
i#«8 ^ r « t to ofeiervs tmAp^metMlitf itj&Mm^ of a t3@fflfepijifi® 
to cdlow th@ iolvetit to pass ttiroaglt I t ^tiii« p^trorttlng t!id 
solute perti^eft frtios doing eo} in m, mimX M>mhitm^^ Bomv^^ 
i t v«t toon realised that theso siombriunot ^mm not idoaiXy 
soilponteAtao* frmlse (3) latoi* on dl«eotoi?0a a smfp^m^mM 
motion in coppeiP feifrooywiltfo aeafejptno will eft laidOJp ceit^n 
oondltioni l>eh«v©« «» «n l««ta sisalpoitto©!^ ® masiljrfiae* Pfsfia? 
(4) uilng tlili soal>r«n« aoasurod osBOtle proiioi^t of a 
nmtmr of ioltitioiii, Th^m remilts mm u«©4 t?y Vifi»t 8off (S) 
•• the bctsia for hi* theoiy of 8oItitims# Howeve?« i t was 
•Bphfttised W ^m*t Hoff that th© tsoi^iihlw 03? aochaniaas by 
whi<ih Kouhram llinctions «r« of no laf>ort«n<5© in tho thenao* 
i 
of @eelp6m@iti2il.e i^iabrmeir* Bn said tbiit In ord^^ r t<» ^ ii^ons^alil^ 
t&m^ng m 0iitwiai4»s ie^sLs^.^emXap^^ fili woXl knonn tli©©i?y ©f 
isllef^ cmo© lit tilt «€«r« i^^ a0fii of ele^ti^oehaststiT of a^feraa^iit 
tftPoafU tAt<fe ^% tttt OB© of ttio tons pjreisdit In tHo mtntlms 
m tlio t i ^ sld00 of tli@ & l^>r«no #ifi pm% ani tti@ oona& f^tifint 
oleotflo«^ m& emoUe ©ffeet©* »<»in«iR lnlitaa.ly uaod ptg taaaaoi^ 
as t t e mmt^m^ m^ eo«go i^« as %b& iioii<ilflii»ll5io ioii# ttto^ 
on n© iwi^dto^ 111* tu@oi?y in o»a© of » cwppoj* foi?ro€!^ anido 
mmibrm«f aoparstiug solutfemt of «oditiK f9iT0«s'«l^ aa^ ^otasglna 
fairroe^inido (S)» 
tt va* tiw«ati(t0|.y fofatfiod tfest d&mm o<nitiil>Jlii play 
«ii lioportint roX« in ira^otxe Uolo^o^ j^rot^Oid* £oob CtH 
on tbo toastt of Dmnin ocpilliljrlii, shoirtiil that in oaio of 
ofiOLoiia diffteislon aerosa KLooa «eilt | «aOloiii»t S»Jrat»»1^ 9 iomts 
it ooBiploac ion vllti sonw protetAs* 
p]?ootor (10) waa first to wsggeft that tu© ©ffiot of A«^ a» 
Ott ©iirelling of g©lfitiR ootild is© ©xpiftinoi! m the hmi9 of iHnwiao 
s 
f; 
to g£v0 imi»st£l@ 0i^t« end ^ 0 eoHloid i^l golstiti i«wii; «o produced 
irei^ liRalsa© t© ilffflis© out of th« g®3L# ©Ine© S mfl €51 latis 
fn^ieiit estilA aiffaa© into the gel, th®«e w®i^  dt^rllwt©^ to 
tlio f0l mdi tn$ stoFiwtiwSiisg asiitm^ toltttiof* aec^f^ltig t# Mii^ an 
A 
^^istt^ns* Si2^ di«ti |^}ucticmt iteetii^ifig to filiB| mxiX^ r&miLt 
in m esmm at tMsiotie pi^ssiir© in tH^ got* tlmi temsing tti0 
mtff of watsj? Into tint lattop ana hettco 'leijel.l.liifi 
tl!0 aost utrllEli^ «l»p3.l©etl«sii of eotifiiMi*0 thmr^ in %tm 
M<aogi«isl apli©jpa r0l«t©8 to th^ Qi9trihs%tm of «ifje^ @l!a.« 
iona l»etir0«B tfee i^ fi Mooi <^l« ani tH© lfl.o©<8 mfmi^ fan Sli^e^ 
in in<! Ui^m itll Mv& memW9B3^l7 mmmAM6 for th® aieti^itsitim 
©f sa"" and Ei^r im$ %n tHoee tym ooRitltnonte of tHoofi ana 
th& &ffm% of A ^3|»ply of '^wtttm &%ml&0 to tlie W.0Q& m Wi§ 
$i$%Titmtim m th@ tsaitls of Dcmn«^  ^<l»iiibfi&» 
m hm Iboeii polntoS out ©arller, th© floijfeie^mcaite in tlie 
fi0l^ Of me^ ttrm® »ol«K»oe li i te^ »hom ^ia not con$i€is2' ti)0 
tiib< i^!il£i3 of QisftbFane barrier action mni ttm mmhvm& itm«tu£<t 
m of mf itsp&rhmm* Womemif thea® asp^^e h&Gm0 of pAramoufit 
li^ortanoe %Mm iJim monbrtmo ^ e e i o s i t fltu^iod and tlis 
ddiT&lo^ mcnit of ftitiilele^ aottbrtifuis i s oon^doxed* 
Variolas tisoorloe ysm ptit forwara ffo© %im to tiae to 
es^lfiin tte® beriior aotiort of a©!abriitQS# Trimbo <al otmiidorad 
tbe iBosibratte to t)©li«ve as a «iov9 nAmwm i'b^iBit© CIS) pr<!poi©a 
i 
of !s©»ferifi0«t wetisr C14) iuggoiiea %hn% « ia®tal»i»me vouia 
l»e 8iial|^ «i!sioal4e If I t n&mi^n tho s&liitmt tm$ii%iv^t^ mr t ^ 
s©Itit# «tr<mgly aa^ *ov©J?«IMy» ttomv&w^ nmm ©f tli^i© theosletj 
t^m^f i§ espBM0 &f ^ ^%»itiing «dl ttwe oij«©i'v^^ ©af#« of 
SnHii^i? (IS) 11^ 0 <i.aset0©« tfie isj©B5biriWr®« int© two ms^ 'ojp 
iiw^Sn irii# Ci5 »»€ail.« OJ? llipl^l ®e®lJ3Pai$fi ii»!iicli «®H tlt©lr 
tSpteitl |%itteti<m« tsf fii0«t« of tm aiff0wmtl«il toiiiblXHlas. 
in %hm df tte© aiff#if@t!^  p^nse^lof ispmi^u eont«tn©d in tfc© 
phases s©l»ai?«rt»ei t>f tfe^ ia^fer«i© anfi Cl>) tfe© i^ s^pot© w^jbranos 
v^ l<»t} 6tmF$minikt6 oor^sit tr^pdoii penseitft ^eeleK on th& Hmeis 
®f tti©lF sl8©» «nS 8i8oi»lJaltlttlo» sua ail^o m %b^ hmi& of 
tn© etgn iin«S th© ei^nlttaSe of tfeoir eli)sx«o i f t tey ©i® tone* 
Til© ii«ml)F«ii«J8 «fitidt«fi f»r tlile l^eiis Is^^i® to the Ittttoir 
gitxip ««€ 00 only the mfm^rmos of t M s tji?© iritll &® ^ soneiittoa 
Xt h«« - sine© long l)^ii ^oun tlist i^ j©n a raeabran© 
s@p«r&t@@ tvo solutioiii of tfee em& 0lo«ti?olH« ^Iffeitng t» 
ooRoentrstioni an olcotroaotlv© foro® l» genor&t^ wtiidi in 
i3o«t o^tei £« 6ifr@r«lit froBi the ll(|ui<l ^tmoticai potont&eOlstliat 
It^tho potent t^ dlfforene© iMidb, ©slots in the abssneo of tlio 
mmbrenQ* Ttie 4it*^etl<m of tlil® a^tl&tlan imn polntod m i tsy 
Bettt© mS Tor«3p<>ff (163 to t^ i?olffltea to ths ©i0ctrofel^©tt« 
«liai?g0 of thQ Bj©!Bljr«ne^  Tfe© oiigln of tu i s taiaiferaio p0t©*itisl 
anfi i t s relntltm witli tlis ^mhrm^ ©liajrg© tsroro ai«eiiss0« In 
tliodpy jput forwa?«l 1^ thorn sathors, Immm 00 tlie tixed ^asigo 
tfeeoi^ p' c>f © f^fitemos Cfei?t00.y lm»wii ©a I^S ttieosfy), hm proved 
t<j fco Oft0 0f jftmiissofitiil iisportoJic® Iti tb© fuitaor devQlopment 
mmt^lnz to mft tti©53?yj thB ^sHis of th© f ores of a 
B!«isferim© esyjps^  tistiefontly a Q^Hnito mmhor of p^%mi%imiv 
ilssooiatile gro«ps» m:r laai^eifit that l^mm across tlio tnmlbr«io 
i s t3paiii^ oi*o<3 by ttio tmmtBiPlmi» of tM l^xod i^ai?goil waaj. 
groins m& '^rtmeie ot^er «n«ci*o%chasig0« ©Xectrolyt® ©^ 1>® 
p*^teiit In tti0 |iof^ -5®» TliQ e«n«^ti»atlc« of other nor^ ojrc&ffsgo 
©lootyolytQS itt the poros I s fiotemlnee fey a l^ onnon tyi>o of 
oqittlllbrltBd •oaelsting boti^ eon tho olo<stroXy^o pom ©tmetwro 
of tti© fflOfflbPiff^© SRfi ttis ftS^aecnt «ttt«13o oloetrolyto solmttarit 
tfeji ftxoa waai groapf l)@liig tlio «ii«N»aifftijSiblo«» epoolc®^ In 
a oonctmtrgstlon e©3.1 tvo sacti ©Qaillbrle etf^  sot ^ botveon 
ttio two solution* ond th« t ^ afljaesnt mrfme layers of the 
ise»bran9» Tho aioabrano eonc^tration jsotonticil 1« tti@ algobraic 
sua of two phaso bounanry potentliils m& tfeo l i ^ a 5«nctl<a» 
potential wlttiin tho poifOA^  
6 
k groat d©^ 0f wont hm tmm &om fcy SolSiiej* (tB) tor 
ill© im^ofHtisRdifig of iij©Bbi»«8)0 l«^avi<mr# He ^JKiiirl^ mm^im& 
tlie tim «t«9©fi ^ofuetop of th© ja®Bljrafi©,t^ 6t H,tfMir ifi^ ui?© un 
c«ll®fe9riiti>rt f i?0p«tp05 a ««iil5©»^  of isollo^lon Isa0©a p©i»«elo<sfciim 
a^bri»i@i Ci&C3slip«no@ ^emttm ^^^^ tmle 8&l©<stiirl.t7' @@ i^Xl as 
Ion 0aLecii«>lyti« Msitt8fte9)t ife was tttwf ©13.^  t© laimatigat© 
tho i»oi0 of i3jc3!ffifepi«Q stnmtwte^ ^%% ^^e ig l mfermm t o 
©Qsifei'mo hetoM^oroslty^ ta tlio d^wlopa^t of irai4«3u« smfcriBQ 
oloetrioei ©ff0i^% Ite ^rl t teal ly l^««m8S@^ ilia rol# of Drsfiou* 
feetors mii^ mn memWrnnQ stmciiiref loiilo i lzo, < i^ii?go «wa 
aSeoffeabilitFt et«# in tlio geii@rg&icft of ls|»iofilc pot@iRtleilat 
n© 0iie000sfWlly applied tlio t-li0OJ?©tt«i3il knmHoiSt^ so i^ idnod la 
th& <9©ir©l<^ Kent of msmbraiio ©loettoiot foi? tm pofc^fittoaotfic 
Sot^^stfni^tton of iocilo tctiirltioa In 8oltstif»t# lloreoi^ Q t^ feo 
^e^3,(^a0 Ingenious mo<3oX$ for esplainif^ vmriiMB ^t«otrio«|. 
ptienoiaons ooaxrring ^oroti lil<3(Xogiofl3. ptoiil^ psfiisst m @3C3i^ 3to 
i@ his modelf tnvotl'trifig n itosftio memhJfmQ^ nlxiou oa^Iains i<»il« 
mcemt&ettton inBi&o %m living e^l& m tlio hmi& of l^ onrtan 
e(jtiilibria« 
T&® ii!|>oiti»io@ of plis^ ftioOQlicssiei^  l^rlnoipXes in oitioiaatiiig 
teie eooplQx s>e2is€>i^ t)illt:^  phmcm&nA mvoBS n^nsftH mem^mQB vat 
atroffi®a by T^oseli (39) w e^n tio obser^od a tioso siailayiiy 
in tfte behfivioiiip of o gestrie •ueosa aoasfeufena «mi » p&£<oiimf3iit 
»eiBbjr^o# Ho str<5«soa tiio l^^ovtmm of vailoui Utiso^ noi'osa 
siejs^ai© mi pointed tHat %m imie iie«SHB«lfitl«ii la t!is livttig 
mllw i® not «^ w to mw mmhipsm ta^om^Mtltf fetit aw« to tli© 
ilff#f<^«0 iti tti# inHnas ilia tlio Oi^ «tux ttiro«s tm mil mm%rm&i$ 
activity t« tlie m«f@ i* tii© tisw® ftgn^ *• feat k>oa mem ^ 
h& tim »i*ilf®itstton of ^« ionie trm^Q3f% pmmmm i^$ ^U 
Vm trnm^i Mim^ mmMs &m to « mtitm$i^ of t&o itsrv® ^ H 
l i %W ttm» m&m pea^oalto fo fOt««#iiii!s Voim to «o3l«n ,to-: <sii 
«« l^^ # ftiit# In Idiots io^ltia mtort SlJ tl®et ts©?© @«tll.3r tfteit 
looofding to tmmll iM^ mp mmpt^m mmhrmm ttioorr 
should eover tn* foUotfing five eip@«tt fiid ei^lelii thwt 
it) tmie tvmwpvfH ^tbszH 
Hot fivat^ ^«ftiia 0.tsx»s of aiffoj^i^t iotiio 
«po^oi« in0.«CK «ia oettitiise of ono ionlo i^ pooloig 
Htsi nttloft 
Fotesitiil. tmpmmtBg mix&A or tot^l, tri»»»* 
eioa^ riai® potofitlf^f HHw^Lmt potantliS,* 
(3) aootrloai eondiiotliPt^t 
m 
14} tmie 4i«trlltttt«»i #^l,iBii% 
«nm ©<|ollil)ria% mitimim mfm%st%. 
Is) %i4iia S|atflM%lciii of tli# limat m& 11^ 0 
mMtmt mmWm& Uimvi^M hm& tmm i^Satilfiod %p 
f aesufo #f curtails tsol^diltti? iUsS lonio ^s@i«»» tfee iri^Sng 
foff«oi f w tli« p&e%itSLG tl••»if53^ if«sr#tsr tin® nfssfepan© &m. t&& 
#iff@I^II|^t in ttid g0»3l>«l. €ll€Qll««ai |S€»t^llti£||.« l ) H ^ « | | t ^ 
flio tti«orlo» of tfe© «o«©fti fW3«ip Cl^t S f ^ 1 &Bm&^ 
Gi finite mitim^wtm B^^ titt afi^ififi forett «i<<9 tti^ i,o«iti 
g3?$Aimts 0f the gsii&i*^ didiiioa;! poteiiii«3.$ In tliQ l^i«r« 
coiwoetim i0f td*^ cmtri'^tB to tli& piirti<a& t^ pimsl^ r In 
t ! i 0 i(!®aln*«fi«f 
file tfi^ofles ftdlifig til tUsee tiit» ffcuai^ a tm i^so t)e 
i^&mitit^ Into tvo i^ Kmi^ t in m <at@ifi«t« fa^im (2>« Tima 
•eoQPdifif to tMf tetieeef tl^ titooi^ot ieUHng ^ tlxi fixtt 
n 
fpoi9|) ai«0 tmsed est lf€}£ii«t»Fl.aii<^ fStttx $qix#4lan@ m& ttmir 
mf^mmt9^ flie©ri@« of teerdl l «t>r tooio f l i a <!?) i n i of 
Ha^ldn «t «a. f®J^  tfdSiiport froee«se« t» nsiws ©oaauc i^Oi 
(SO^ ^ aw9 8c©@ of tfee is|j03Piiait <mes f « l l ^ In t l i l« «im^» 
m#ort©« of tlio m&m& is^tmp mt0 l«i®d m ii-r^irot«il3l« 
t f t t imod^tt ias (3as»2i9 m^ % aif @6) i»i^ c^o iiore fliorona 
«iS ^ i a t « t l ^ mmm^9 %hw mm s t i l l In tm stug^ of 
<l0\?eioi>s©j:^  ISJ6 ft gtmsrsa lailft©^ i reeto^ i i ! i i» y©t to fca 
»iiltloimd# 
tl^oiflo© ffiaitiig In til© miit$ gpowgp ftf# l»ti«^ on ' la^notie 
mmnUQ^^^imM m^ mm their origin to tiio oittsii^titii^ % ^ i ^ 
o f BisiioXli CSP?), ^fddlnilj^ el. id (Si> i«ia IiQt^loi' |S9)» lfeap# 
tlio is t^»£*sii0 i@ «^m8ii0r@i s i 6 i@ft«i6 of poioi i t l i l . onei^ir 
l)ftri»ters %f$m Olio l»oitlRd ttio o^o r iH$ross ultldi ttie ^©ssi^iiit 
im^t pus® i l l ops^r to go ttii^mis^ W& mmhrrnm^. Hio ^jrivlag 
foreo« Kfiso fn»s tlio ^ift^jemenB ya%mm tm ts^msltim 
l?j?o|j*Mlttt08 i f i opposito atP«ctl«ii« i^i»«ai to tto® i»^lii»gfi©t 
f i i ^ tfia Hfig Ci^) tioi^ e jf^soentl? turtiaLysQa tIttftJr' d&tii for t t e 
1^o»B«»ti<ii of ifftter iiero«t • M l i ^o r I t p i ^ aessla'stio In tho l lg t i t 
of ki f iet ie fionaiderstiontt 
faPloii* t^pofi of s r t m e l a l leiMbranea hmm Ibeiii isseid for 
testing tiie tUt^snf^ thooriog m& lityosttgeftint iHo rcide of Vftriouf 
fiiot^ra in tb i eaabrane ^notion* Betidos tl»a i^Slodion batoA 
mmhrm&9 ni^ntiondd mh&im^ im ^m^m$9 pol3«or BO»lxrme«« 
m 
emstttv^o nme mmplBU* ^etaogl (41), %i©gplQr m^ coiy©U iM^4n}, 
^mrB C4S)t B^^ e^ *^  (44)» »IU$ ^% ^ C46) m« l.«k«smiti«i«sr«Baial 
<66» 6?) HBVO ISTO^ various pol^#r «ia «o3iXii4i€n «OTfer«tie8 fof 
9neh stttdios* Leki!mlii6s*i^ an»lfili ma %@ti@9 (4€) Ii&v6 pi^erod 
piuriodlo» meisbreffiiQjs of thie^esses ^OEeparsiao to tbat af plamsa 
mmm% of ^oite li«0 Ijoen flou© on tut pr^paretton of polsaasj? 
moesbrsnos ^^eti find i^Uosttiona in inaustxy (mtoti a^ in 
oone^fitfatian of dUiite aoidsy r€iaot«Bl of olootrolsrtoa f&m 
mlutimiB of nm oleotroiytoa^ ot«*3« %oii ii^ fl£ hm h&m mvim^ 
atttdiot vita tli& oic^ m^ glass t!i^l)raiio« ftfi?o ftoltfetf 
int&m^im f^ egarding tli© f^ Xt of iB«»l>i:»«si© po«oslt^« Beetdoat 
t!i©8« »tia6toi tew© lea to tiio ^eimloptsont of ion s<4ael.ii?o 
©leoti-oaoi* MiiJ»8liiai (W fees aono f^lonoerlne vo:^ in %m Itoia 
of eeoiite a««fer«n©e* Ttio offset § of gisse ca!^oi^ti<m, a<sgi®e 
of fiint^rtngi ot«#, hm& m&mUT Ixsen ittidied l>3r /Utag ma 
Htlr <48) in easo of fliii« i8esifei*anst# isn miOLo^ &«ts lilto fesen 
inatofited ijy tlisj«© »tlioi?i l>©tK«n ^ooa m%X ^im^lmimUm 
h&tnem irodlt«8 snxS potss^lna m& ttm glitsa isQSiJbrtno i^eis&ivit^ 
for potumivm o?«af ioaitBa* 
^sitting to Vtkn inorgfiilis r^@ei]>ita£tt» m^atiriaesi tfoougli va.^ 
mombrmag h«^ hmn nsea in tHo potttdticnotrio llettimin&tioa of 
ionte ftotiviiiet In iolutlon in Bmm ossta C4^ t ^ ) t 1^ 9 s i^or i^ 
2d 
@Kfi|«r| frmlm C3) nftt ttit fii*it t^ m^ ttit t»li@irJl<mr of « 
^^p^r |^r«9ii|f«»ii9 ii«»l»i^ Ki# t5 mipl%in ttm tmrsim mi^tm of 
ft »t^ t»fiicte« iMiiteif Ct4) ttiMd tilts mmhttm in ixpiiiT t9 «i^l.iiii 
tikt mi» 0f •930i^u^^ i3KPtmi§it ySktiiB ma ooiii»xlt«r» Ctl| Sis) 
sii^6 deiMS^d jpaxi»«iiMItty «fia p0t«»ti«l irti£dl®i iii»:ro£^  • 
l^ai^tiss^t mmtmsm m& n IIUIA^ piiptr m^mH^i 'ssi^M^^ umtss'tmi^ 
fhmf ai««aistd tfie roX« ^ ionle tti^t »oMXit^« «liiifi» m^S 
p0ti»itiia B »«tfa© i^ iii€!«M3Litsf i> of tm tm^ nm «i?*^  «ik92« 
m m^ n «!<& 0^ftafit«it It I« ttt» HIK of ttilf tlit«i« to «xl«fii 
tliiit» «t% |^ot ttilr^ t»i^ i^ i^s«sit i^fOH*^ «llimr lodlio mi& WL^^f 
fiikim^mtif% mmhrtim* with tit« miXmAm #t^e<$tlvetf 
C0 HfttftxfMitiM t^ of iifftislfin iNM^ otf ft tt]lo»« t«iipfirgttif#% 
of • l«it« nwilMr of l i l t Ii9t itdt 2i4 mi &$t ^tetf«9^yt@t 
isoroti tti«ti iii«i!)?]ifi«g niliig «onit«Fit Hotr notDodf oviOlixitlaii <^ 
ctutlvatlon mmfgi&^t m^ id* ipftiiout i^iliti*i aetiirAtloii pttmm^r§ 
i0r tilt aiflUfiof) of tiMiao it«crti^3^«9 tliroitgli tiio two aisbranoi) 
ma •n ltiv«#tii«tion of tho volo of tonio ticr^ iPotlGny tociio •!«•§ 
ottavfOi laiOPbaMlityf eto« In i£^f^«lifif 
CI) ttaoltMiootii KdtiuiWMiit^  i^ ttng iEltto3tl)0{tor*t mttbioat <^ 
w V 
»^» r^aii@ p0teiit£aQi|i & !^>i^ ene rmiittmm m^ Hffa$i<m t9^^ 
n study «^ til© |(eli«vtfiw3P of nemteis© ^^vmmt^ii^MXf^ «stloiiie 
t ran^er t laailjej? Ctti tli® m f^erifl©) ana i^ jpefewt mimie mMXl%^ 
ifiiidd tb# mmlbrm^ m n fm^itsn of oxtem^ c^oetir^^l^e 
oonei^trati<m snfl tlia imtiiP® «f 0l#«tapo|.3?t«# 
m 
@« pimf:iPB,.Mm..^mm. 
in 
u immmm, 
£« c«Rteet wltfi a itXtrte soluMon af tbe sua© eleufcrcjar^ t^ 
^ifftiiloifi Mt0 in ifMch i*oinslLti! in «<|aells3ttQit of 1^0 eoneentfatlon 
df tue ©X^etrolyt© ©verjrw i^^  una lien<}d ttss ^ttslfsoent of ©ijotlltariiait 
Hdntt^r^ t ^ n tt isesi|)r«ii6 mspsret^e tlie tiio saltttion@| tf0 fate of 
ntft^fitsent of eoulXtlsrttas Iss^ joiea isact* aIoif@r# I t hm, «liic© iong. 
been knmm thai a ©©afcrane iselssv s^ m a bsrriei?! to aifl&jpont 
«art-©»t% to tl»0 Cow of vts^ows i^0€4«§ aaross It* Most of tb© 
porous issiBlsriinoe oarry ionog<^o grms^n sttisehafi. to tli© - metrtaic 
%^lc^ gowjm to a gs^at ostont tlie flov of olocts^olytes tbrotigti tUB 
iB©«l!i?fine» %«!i s^ ffltfl^ aaofl show a i^«e aiffoponeo in the peruseal4* 
litt«5 of tlj0 oowntor iont (tli© ions oarjpylng olsisrgB oppOBlto in 
slfi^ to ttiot of tm mmts^mm Hxe^ eliai'go) and %tm eoion@ Cttii ions 
Imoring ttio ehitrge of tbs 9mi» itgn as thi&t of ttB tmmWm& tim6 
ebcii^ C#)* 7i3|« «lif£ i^«nc!t i«atilti in tisi generation of a i^nbrsio 
pot«ntiiiX* t{i0 oiiajp^otoritsUes of tti© fiua^Sf tiio action of the 
tteabrano potential, tUft ticstsren© oioet^Polsi^ie Jrosiatoneo* tti0 
nOKttrmie pomseXeotl'dltsr, 0te# «eet tls©rofoi?0| of fcoy is|»ortsnoe 
in tin<!erfitnn<3iifti t!i8 itoeheniae of siOBilirano ft]notion« Ttms ^fftosd<»i 
i^ 6to tsoaatirciisonts oonstitut® ono of ttio vofious appiroaolies to irotieei 
t!i0 intfioaolo^ of ths »©ai!Bffin© IsofieiJiourii I^ffusion retei fiofvo . 
l5oon tter^surod to t®«t th® iraHoua ssealspans ttioories involving fluit 
eqaationit of difftront nataws (36, 4S, 43, 88, fi8)# 
w 
yi£f«r (14) developed m i totonle netboe for ttie fieft«urea«nt 
of diffusion rafcot «er<i«fi copper t^rmeymi^ m^mhesm^ iMrtsmg 
« i 83L <®) a©idto6 « mote aeeurftte asetfiofl top ttm m^ttasim i?«t» 
is@asiir@ssefit i i^ i isdng tlio oonstimt fXow paln«lp2i}* Thoeo atiittiors 
iat»@ur@a tlie dlflttsloii rates of a ttwabei' of ©leetrolyttis serosa tW.© 
Eseialjpsne m<S etuaita tli© ©fUsot of ««sorptlon, pofO@lae, Ionic ©la& 
©lid mtMlity ot«# M^Uk ©t i i (S3»6S) extenaoa tliono stuaie© iising 
moBlraftos pmpsm^ t»m tbo f«>rroc:?«niaes ana f^riicy^nldoa of 
C{}r«^t»| Mi|sffiii@«@ and cadteiiai* 
mtt©lisergs» <89) *5^olop©fl & mothoa fof tfts *i5>td d©%«»isliiati<Mn 
of <Efftif|ott Jp&t06 of ol©«ti?olyl©s seross a laomtflpaiwi at my lfi«tiait» 
T}ii$ ffiotlioS oiiaiaos mm to moam t^ro tijfs is^l^ans oloctrolirt ic 
f«ial@t6ncQ si}^ tlie isralirsfia potimttaX at mty instant &nd %fmm 
cslcuiate tti0 a i f fu^ im rata# I t t ^ l l a r g o f xsX,ilim& tisia sotliod for 
ttm aetafuslnatlofi of ^ fHxi ion rat@@ aei^ai anli^corroaloii pelnt 
fatim C^l aaatoi^S tl)@ ^ff i is lcsi rato of /mt»)ii» el^osias 
through I^iapl^sr c»10 and OSP cation eisetiongo isGffitr^es m«S 
ofetalnaa a vfiLw of 3*9 x 10*^ «»®/8oc for t b i ^ f f t is lon coefficlont 
of tfeia oloctrolytst I>orat t t «1 C6i) aaaatiraa ttie so&im e!ilorl<3e 
pemaat l l l ty acrost a stafonatoa pt^yUmm type uaabran© as a 
fimetion of concontration of ©xtemai el^ctroljrtet Thoy fwnd tb© 
p©f»a«lAllty to aeoraasa %4tli Increase i n asitsmal alaetrolyta 
coneontratlon abow 1% Pstcrscm and liijineston© (6S) aeamrad tim 
apparent ratoi of difftision of Kd throufti isntreattd ceHophana and 
eaXlopliana traatad tdtls dialdeliyaa star<^ and found ttia d i f fu i ion 
coafflciant to ba lovar i n tlie treated rnm^ 
18 
ma fdund tH® aetiireMoti onefgy t© bt saaHor %hm In dilute aQUtous 
A Xfti^ «i!iOunt Df li&tk hm bom aom on tim &Lt$VL^m r^ta 
OGasin^esents eerosii ireHous ton ©sreliang© aeisfcrenos In oj?a©jr to test 
tlielr sudltslilltF fo^ Inauttilia operatione lltee ©lootroaialyetst 
aoifldtlnf i^on etc* ^neh noffe ls«?s isoon ?«ii4ew©a Isgif ftudnsr C64)« 
ttm ifQiM d0seill9@d In tM« eD<i|>iop rc^ste« to tts@ i5o&@tir<ii}ont 
of aifftifilon r«td» of a nmlier of QIOQUOXV^B <K£I, f^a» U d t 
Bsagt €«ag» Mgagi «^g» m^com^ ^??o^, K^^CCI?)^, sc f^fecci?)^ , 
irasro t^ ^ Ctt3!ta ®na ^^^O-) a^oss p&roixsent af«3|>ponoa ^ivoj? 
toaid® ana i l lwr tMoe^msta aesbranes st vaUoiia tmm^^^tumB 
m^ng oonitesRt lion aetlioa* fsi^oms cationlo ima sdlonle si^ quenoos 
^»ir€ twen inv@stig&tea« AetimHon ^nsrgles and vaxiou0 Hs^flng's 
aetliratlon pstrai^t^rs fojp th© aifftoilon of tHoto ©loetrolyt&s ttwpoiagli 
ths tvo ia€>ebrifi@f bmo ^ s o been eiXaiXAt®a« B@itilta tiav3 be^ 
aisousaea tn tt» Hgteti of fH^ tbeopy end the tbooiries of Ofegor (@s)t 
ISlsensafi (66) and ^liefry (#?)• 
^ffci^on i^ fttos of irefious aXkaOl ana «3lk«aifi» oertlk o^ofia^i 
0ei>ot9 tlift tvo ooffibrtti^ si bftv« caeo l:@en ssoattsi^a tiM.ng t&0 
KltteXbergorvs aottiod &t v&fioa» tmspQPh%um§$ Ttmm staaios hsm 
bean naac/to Invsstlgeito ttifi tl»© veilatlon of neffibrsno r^sistonoei 
weabfime fo^ntiel ana th© aiffteston rate* Tne offset of tea^jsratupe 
on fseala^ ane potential find aeebrsne redLetcmee haa» tb:af| also been 
infettlftttea« 
IB 
The maabrfflie mm pr&p^m& t^ iif^regneitlng 
pareteofsii p^%T tdtfe ^IvoJ? I®dt#s» Tlis piper wm SO«*E«^  with 
<5l® 1^.1«d timter snC tliefi tied to &• e^^lnier* A 0«S M so1.txfel<at of 
|i<*taii^i!» loaide na's |mt lusia© *^® psp»r issont^nor titsleti was tljisti 
8efipefj«#a for *J2 fiours In a 0#a » A«WO^  ecautlon ccmtiAfiQ^ I 1« « 
wltfe a t ^ i n e a w«t«r to rsm&m Um «ia?«rlisd electrolyte«# fm 
mtniXtmB of totaa^tisa t o ^ ^ IBR«S SIIVSP Mirati* iroi« ttssn ittteitfeangad 
and t ^ iiaimr tied eiainSor iras iigidfi lidld ia pd^^im t&r mtQtmn^ 
fS tiaui^i, fiss proc©ts ira® y©p©aifc0^  « ntgslmr of Utms vgitlX a vetT 
Una ^poi t t of allimr iom,^ vm oHilnti* the is@mlsraiiet tiH^^ 
3irello$r in eoioiir, uten obtoi'^d vm^r a isloroicopOt 8{io»9d a line 
deposit Ion over the ii^ol« mxriAmw 
TM • wmmhrm^ VM pnpared in tisio tttgm vi^ ^ at 
ttxi aliver iodide nasil^ fiiis vitfe tiio only aiff®i«noii th&t potsssitsi 
iMoeyennte va« tii«d in piaoe of pot«tsii» iodida* Tbis mQm'btm& 
i s vhitt in ooltsur* 
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for ttie tccisrat^ tteastB^caaQrit of tlis |jesm©alillt^ of »«a«tabreno to 
vpvimx* iMmseantSt The i|>parattii i s «timm in Fig* 2* fti® paimeaMllty 
^H. I s in esttti?8i mtHm m& mn^m,n of %idn Hat glass Cpi^ rox) 
w«©sle id III flangGg groonS to l i t togetbert tb© internal diceasKms 
of oacfe hfiilf oell ®P© ^ aa ^acietor md s^Umt a© im ^ejp» The lo^^ r^ 
hear of t ^ eeU i»est8 on tfe© ©lootreraai^ietic stirror platOt The 
©emt»r«fi© i« beia l^tii^eft tfeo ttm Uailf cells W ^^m& of ^ i « ^ 
oleap sni tlse poiipteoj!^ of t&o ooll t» aoalo6 ^ t h t!io _6©lp of 
fi^tlily proparea eonaxetivltir water ontora B tbrougti a atop 
ooi^ h tm& pmmB ttii*ot9gti c to t&o ocm^tant lowl boofi B« Ftmi % 
tfe@ wfltor h&^ng ntm r^ eclioiS tb© tonporatur© of the tbomoatat 
pd§86fi aoim D to tt}0 oifillf^r F« Frm ttio cs^iUfixT tbo w&tor 
pB9m§ tb2'<m«h o i«id« tolse past ncmomotor ff into tf)@ tomr belf <^ 
tae e«13,« Cn X^mdng tfee e0ll» the *rftoy paesot throufh two ligfeAly 
platlniMd ©lootroaet a (tieefl for ®ialy«tng tho effltiont) ena then 
to »a4t K tlwough fi fftop oock vhlcb i« nmd to rogwiBto tm flow. 
Tho rito of now i s det©«aiint« Ig? eoUeoUne the offltient st K; Tte 
•oluUoni «lor»d in « flMlr« enterg am oongtant level lioad B through 
• »top eode anfl flows oonttnuouily through th» top of t ^ e«ll« 
Th& proiturt on each « i ^ of the aoBhran© i s shown by th^ 
ii<iiaiiet«r level in If «nd n,9nQ tha two nsnomttors &m Itopt 8t the 
&m0 iQvQlii Th0 %mmr b^t of tm e&Xl if ©tlrisea W ^ soift ijwm 
rod f 8^ @a in Q gla«i tiit»t# 
hBtmm %hB tm toalf oolls mS tfe© cell ii?»i sa^aaa ^ ttie periphery' W 
»lLlo«w@a t0 flmr ttJi-oiiglJ t te l«i*0r i ^ wpmr tkiUmB of tise «sli 
rospoistti7«a.y» Cajf© is? te&w tlist no »!«» lail»ia« i» left Sn th® 
©Iq j^foil^ t© w«i ««AistHitt«i<S n 11UI# M,g^ 0» ®til was &heml» SOD al/lir* 
Hn^ysis ©f ilie offltieftt ewifig mi^  #f tlit %mmt^ ig^l %res a a ^ 
«i©nai«ie^%ti#«aif hf a t«¥ t j^^ tm ©esi^ isofelvity I>nag0# For ftfelftg 
€isltfer«ti<»i «*iwot l>@twe«m 1.^ of ^minfMvitf m^ log of <Miiiesiitr©$to» 
i^m &pmm0 with tho liolf of th&m mAthmUm isiswe®, tH© oo«e©iitrftlfea 
Of tfj© @ff|»©iit «0«i« tjo weastti-od* ^ftor some t t w ttm ma^mttntlm 
of the loi?©j? uf^tiont i?o«oli©«S a irteetty iriflliio* Froa «iii« is^o©iit3^«tloit 
ir*i«§ i«ia m@ fiOi? rgto C30 Jal/ter'#)f tim AlftixBim «^&« of tt^ 
©l««tr<ayt0 ^m» 0fl3L«i^ ®«» li!® «fflta«4m ^i*.^i of irarlOTt 
eioetroisto* ««»*o«ii tho two BeobreiiOf t^r© tliB« cjoasui^e ^ 10% 1^» 
fft© 8a?oii of tlj» ii®!jr«ios «sod fo^ poaroostton in tfti» iiotliod 
vfi$ 24*60 d r i}ii3i^ (i8 tlso @ i^'ego ttit^ fcnonsois of tlio iml»?*#io0 i90«© 
m fo3lov$i 
22 
(11) mmimmkM^M 
two soltttions of ««me©fitPaUons c, m6 c^ of the &me ©ijeetsfolytSf 
the rat® of dlfftisl«ai of the «l©etrolyt0 efe tfeat instant ««ri !« 
wte^f® 
<3^ 
+ 
;g[| « iBilHiBOlQs of oatlont ^ffnaing per eeocaid* 
2^tZ« tl!0 iraloiwslos of oatlcm mid anion roepootlwlyt 
^ » ia©ajtr«n0 eott<»fttr«ttoii |»ot«titl8l rvt tbet Ifistsnt tet)* 
B^ + B potential d£ffei<eiic» ©ci«diraloftt to t ^ ^ffsfenesln cation 
«onc«iit rati Oft aeroat the isoBbrano at that Iri^ant (in?)* 
i^m^^ K- ^•'•^ ^ ^••^ to raprasont tt^ potsfitlal <affstonco Cm?l 
a 
a^vaXatit to tr^ diflisranea liK anion ooneanti'fitlon A&tose t&a 
i!iaa%>rMia at that inattftt) 
F » farftday (93300 oouloiiba) 
1^ » KeKlnrana aXeotrolytio z^oalstfineo t« at thi^ instant (Otmn) 
« ^ 
For t i l m6 Qt% «l«eirolyt«». 
at at *^^ •**'^ ^^  
imere mmm >« (©y D^) |g i^te of ai^lti^^ of tt^ ©leetrolyte 
MX|iiio}.«i^see) • 
For 111 ©l««tfolyt««, 
2 8 
iraereeg for mt «leeta»o1.s?t©«, 
Tfotit l f | lit any im%mt^ tjm concentraUon* of %fm «<atitioii« 
on the two «ia9i of « ai»toias© si« known mi6 %tm meabpwie ^alvttnoo 
S ana sMibrfifi* pot«fiti«l B «»• i^so knmmf Vm mtm^on jNit© of 
ttm t t l t ean b* e«l«iil«t«a# 
Tbt a^ Ji^ arstti* iiMd for tbe ^ffuilofi TSL%» mmmxmmntM vtm smo 
us aevcioittd b^  lfttt«3.t»rittr tna t t tHown in Ag* (S)* 
Tt» nMbr«n« e«ll eoniltt* of tvo half oeU« (12Sa3l oif^aelty 
taeh) bavlfif flanf«i to f i t ••oh otHar* ttm veitle^ feunda Jolntt 
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t anS ¥ «8itft^o^ to €ia«$i ht^f ee^llt pi?ovl^ 0 tfm mm for ttm 
in the hgdLf eQllg# ^ 0 meia1>r^ o was liijstailloa y^^tg&m %im tl«igo» of 
ttio t^m b^f «dUi s»a haia in |»osltlon wii^ tbo fieUp of ii^ oit «il.0a(p0« 
1^^ p&t^fhBSf #f tlio «i@l.l aLeif@0 %f$t& m^0& with Hdi&ing %?»« 
Om 4g/jigCl ^*ili!f>od cs3loi!!ti?o60 ggid &m %/Agdt fiite «j3.oa^ o<S© i^ jm 
inti'o^vi€3d gia soiled in OGIII liiilf eoli. d io^ to tins mmh^mm a^ 
atiotii iit Figt 3S# 
on tU& t^m 9l5©» of tfeo eesferiai® tsor© uaod to seaswfo ttio SE|.t 
©oi»ooriti*€fit©ii in %ho tvo sointlcriSi »iltiia.l|f tlwt ootiecait*^ «fet^ ms of 
scilt solwtlofi0 m ttso t ^ tlSos of fc&^ ©»|jrffl» mTo 0#S H ©116 %&^ M» 
Wo ei^ yo<A8l3io i^mm vas ofceowsa wttliitt 6»6 hmm %n ttj© 0#S II 
oioetwslfto oonecaitpatlon «rsa t&ereftjpo 10 hmQ ©smmei this 
oonf^ntration to be pi*aotiofil.3.ir iiiidiiaig@d# 
fJOy tfao pot^tleil diffoj^c©! K t *>^t««^ tto© iSg/Agd ^»8liai?€^ 
oloetpoaet ofi tftto tt«) §i«os of ^ o nsmhrmt^g at ei^ inetimt» te tfeo 
algofcr^o ewa of 1^- m& ^ ^ ^ tliiit iitstsftt isa^  «i8i Is© a©estti^ 
flJroctly* ig-osn bs oaletA^toS t»m %im knowloag© of ttm cenoantiMitloii 
o« th« ti*o sides of th» aeafcraa© «t tijot Itsstisnt ^ ttm fiolp of 
OQttatioii C9> m& titorefore m ^m feo oUtiirioa Isgr mili3Poctl«i# 
The Ol0«ti?oiytie i^sittanco of th© somferitiot ^ t %/«« ^ otomlno^ 
bjr Implying &n eactemeai o«!i*f* to tlio Ag/i^ €L <lise olootrodes m tho 
tuo iiSoi 0f t!i0 mombrsno end ii:t@dea2*itii tlio clisKigo in tliQ potentieU 
^iff^rmm of jlg/AgOl ^ » sliQjeS ^©ctro3oi» To dotoiffiino tlie ooii?mt 
S5 
ifi th<0 dreuit t IB dtop acirots a fenowii reststaitf^ B ( « 1000 ^  ) in 
i@fl«§ idtti ttid isoll was id^ ao a«ts«?«a* Tti& aeamiiing aiur^ent was 
leopt as lotr «»« poteilsilo to 8dnl!si«e tli» trensfor of itms auHng ttm 
two bGlf mtlB hmflm ^AgCl ^«@b^ed 0s v@31 us aise el^i^troaeo 
flxQd ydth %hm% mmm VOIISBQI Ce|rprox% %2B ©15 of the two soltxUond 
of sm© e^ t CeoiieontrsUons ©#8 M mA 0#C^8 M)_«ei?0 intto&ntsB^ m& 
the eonatietivtty «Q11 ©leetroaes %j©pe flae@d in position* Tiie ©saasKiy 
liaa sogtiotie irtliTorffl in ea©f» fisif eoll laii w®» plaeoi In e ttiofflsostatt 
tl)& ttd&maraisi^ts aeodeS vofo the detonsinationi »t i»irioue instait@» 
of Cs) tli® «ofie©ntFsti«ai Gf <Silist& eolnMon iW %h& mmihrsnQ 
c««oentratl<m pot@Rtl«il R «na <o) tft© isealsraiw ro^sfcsno© In orQsj* 
to ocQpiito tho dlffii^m 2^0 0t tli@@© instants idth %tm hca>,p of 
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across the aemhrane at steady state, l^oa the plots of log B^ Ve l / t 
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activation energy E for the diffusion of the electrolyte through 
the oOTbrane has feedn calculated* AH% the enthalpy of activationt 
at verlous tfiBjpepatupea» has been calculated using the relaUon 
B^- mm AE^ ••••(6) 
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successive equiUbritsB positions) to be 3A for alkali chlorides 
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be of the order of the mean distance of approach of ions for these 
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Tim dlffaiio!! rates of vi»rioat alkali and sUeilini aartb 
ebXoridea aerota eilt^t lodi<!@ m^ ^Ivet tttioc^ anafc^  Bieaibran«a» ai 
d«tei«lnad hv emetmt flow »@tt)od|| ahem thi following sequatieai: 
Kca ^ Httca > uca 
and ^ca^> Caca^  > HgCl 
A«ftiv§tian 0ii®rfl«a l for tte dlfltttion of t&aae ela0tri3a:S't68 
aeroas ins two oetsbriafiea mH ttm vnfi(m9 E^wing*9 aeitivatioti parenetsrs 
foiioif ttio m0LmmBt 
BBca^ > oaag> Hidg 
Mi€lg> Cadg > Bad 
a^^ --> I d > ^aa > UCk 
Baclg> Cad- > Mfdg 
A mmhFm9 r^tatriB %i» movtm^nt of vailoua spadtaa p9m»m%ing 
ilirougfi i t to Ytrloua ajctenta dua to a ntsber of fmotors* lkq;»ortaRt 
•aongat theaa ar« tba sanltrtne pora a i » , parti ciLa tiai« adaorbaMUts 
«tOt tt tt» panaaatinc apaeiea ara ionajtliafi Imaidaa tlieae faotors^ 
tha flsiad oharfad groups attaobad to ttm pora valla,, ttM r^ atratagle 
paaitiona* ato» liava alao to ba eonaldarad* Ttiaaa faetora htm bi«i 
w 
6iBm9Be$ in aetsll by f^oltmr CIS), Mtlhmlls C6B)t ^Iteoreil Ci7) 
ma Ifeyef gna riev©ri (38)» Ac«ordifjg to 11^ theory, ealon« aist 
preventtfi freof ©ntairttig tb© oeabrsne porss on tho !)««!» of Dornisn 
exOXtiG^ on* The odon es:01tieAofi l» tstoott ompi«te in oas© of 
nombranss ^ t l i mg^ flxiod ohargo donslty ena ttm (llliit<i 0 ^ 0 m ^ 
eleotroXyta foaitstl<»)# Com^ri&nB &m f^Q to IBOV@ In tim mmW$m 
poi^s* Ttms tb© isomlspsfio beltsvBi like m imi ©isehm&t^ 
m ton os^ elinngoi* ©ey aiiow pif©«te)tofkco to ono ©oimtor ton emr 
tho otlisr, leeaStitg to ttjo eolootiie Ion ejccIiCTig© and tuo dlfforenoi 
In ttoo m,imsim jpefeos of vaftoua electi^oaytos b^mUnts earao 0d|(m9 
Isiit ^fforent emntQHmuM ftmeretiG^ boslit foi* tlit« ismmtexim 
»oIoetti?©l,y of fin ion oatchcaigor has ts@ea woxfeofi out tiy Grogor (66), 
asomen (0€)| Pt^ wpy (67) eua G!m otiaa. (6&)» Mh r^oas ttia first 
tlsro© of tho90 hsvo workod largoly i?ttti oatl<m oxcfeengert, &m ot ai 
the 
ha«® di seuiTfoi/soloctiidtlos of mtm oxchan^rst ^e^a-diiig to 
Qi*cgor*s tl^ ojpy (06) t of tft© two coaittoricHfis, cm Moving a mallojp 
liydratea tonte radius (end, thoref^o, tlio a!ie3.lo]r t^at»ated lot^o 
Tolt»9ft) 10 to l30 pfoforjpod t»y ai Ion ©xc!ia»g©r# Howowr a mtafeer 
of sol«oti^ty eeqwBrtiesB hmf& t0m obserired (70) %Meh cennot bo 
ftcooufittd fojp on the basis of Oi^ gor»» theof^* A bettor tto&ory. 
»Mch ts . t i n t te »08t emrtnetng^rt t te praeent tt«. h.8 »<m 
put foms^a by tt$#fSB«n (66) • TMs dlflte« fpom aregor's tlieoiT 
in th« folloulng vaysi 
1# Hydration of loni I t consldex^d as of k«y in^ortfinoo 
(at In oregor'e tb0OPy)| howovor, hydrotlon Is coritldorod piliaiiilly 
in tomg of l t» enopgetios, rathor thwi in t«i»« of bydratod lonio 
raditia or volt«ie# 
estts© tor t&e d|js«njr«^ aQvS«tl<>n of affltiltF f««3tt«»e®» fycn thoift 
Xf 6 mmm€lm% §ffmstonm Is ti^en l^ ^as tua l)«ak of Q s^ t i t im 
fflfid broui^i jtttto eontsefe with » flxe^ e^ f^t^ tt ttio t ^ ® i of in%Q»mUm 
@»i tlt@ im^ For i^ii»:ileit^t :@tioiiBMi t^gt.®d tim wimt&xim arm tlbis 
fixea gitfm^im «« tsistH bolfig iioft paJtiusisssKl^ t p&iM <fes*geis« Jf t!i© 
2f fte f»®a <a*@pgie8 r»<niti?«6 t<* Tesi&v0 t^m CoJ? rt«rr<^g9 
Of %h® fl3E@a sr«»;$if}9 and tii0 «;efi2ittoifl<?fi« Sucli fx^e unei^iee votad 
iMi elotaHy mlntod (If Hilt aottieliy prq^ortimiail) to th© 9%m&wpA 
fm® &tmv^lQ9 of fifSi^iitldii of t ^ ftartd grouptng eafl ooontoxtai* 
t f thei t fp©« enengioe iw^CJ^ m& A O^ t^ tfeo tota l tm» ©n^ irgy 
Invc^vod in this mmm^ Cof* z^arrntigstteint) of imt^r aOlaoti^es iu 
ItJ© tot«il gfttii of fr0« enorgy «&«« ioR | I t lsa?otJ«lit fJPQtt tJ*» 
buHlE of toXtitioii into ooRteet with tti« ftxgd groi:|»ins Is* tii@mfoi*@ii 
.2 r ©  •) 
-)"" '"'• """"^ " - » Ad . • AS, • 
300 J4-0 jfBO 420 
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Nov when 0R« eounteHon l» broufHt fros tdlut im into eontdet 
v l th fixsd groapinff fmottier emmt^tl&n (2) i s rtaiovea fttxi eontKCit 
idtb tti* fla^a grofi^ing md lofougtsl Into tbe txilk of toXutlon* The 
gain of frcifi «n@rgf ^ t! i* a^atea dtia to tbis latter proeeaa i i 
(wi AO^- AOg 
wliftr© TQ ani A CL hew tb© aone idgnlflomes for ion s as tei?© 
»^ Bn<! d 0- for ion i# The ov«r»iai gain in fro« onorgy of ttm 
s^ '^ttes Ciifiera ion t i@ mmov9& tvm ttm haUk of tfm 30ltitioii| 
©xchmged for ion S at tlia ftsssfl grocgjing, isnd ion s tr8«al»«?oi 
to tho teOk of soltitioi), A<* i /g » ifisthoroforsg given by 
* • * » (0) 
vliara k^,^ i a tha aalaatitdty eonatant* V 8 
Voir tvo asrtraiia eaaea aapending on tba valsio of r. axiaa* 
A 
Gonnaar tto oaaa vftmv r^ ia lctri^» £taannan <Saa< t^iaa t h l i 
aa tha cMtt of fixad chargad growing of lov f iald atrengtlit 
Begardljaaa of tha oountariona invodvad ,L-.B.II.,.,.P «. .,1.. ,. ^^ 3^ 3^  |^ 
anall and A < ^ i«iU be dataminai liy-C ^Og • ^0^^) tarn* 
1^ this eaaa potaa«lt» w i l l bo prafirratf to ao(!li»f 
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msm consider ti» eese yUmm i?. i s taitly malX* lisenmsn 
^mcritma tMf m tins eaie of a f l^d frouptng of blgb field strength^ 
i<£il nov h& mom io^ortsnt thai tb» 0® ©® I 
t©3Pia < ^ Og • ^ M » ^^ i«n «>xcli8ncei* In this cas« « i l l show 
pa?©f6r0fie0 to tho countorlon of isiOler ei^etcaiogrnybte rQ<Slus» 
Ttm$ tb0 foquene© U > Ks > K eaioold I© observed. 
Affinity s®Q «^ic©s losing tsetwesR tti@so two ®xtf«Bie tmea 
hmm lK5^ ©xplaii^d toy Msowssn on tti3 basis of graiuil etiango In r.t 
rtioJKi?y C©y>, working on tlie Itnes of Mmmmg postuietea a 
msabor of selleetlidt^F mtumnmn for alkalim Q&vth oationt* Tims 
tHo tifo QxtPcffl© ones ess BB > C» > Mg fos* ion ©xaiangera liai^ng 
l%x@d o!iarif»d grouping of Xm field strengtii fiid Hg > co > Ba 
for tbd ion oxchenge^s with Used grouping of i!i|gh 11 oM atrongtti* 
Tbe diffiiaiofi rate seciuenoQs obtadlnod for vaxiout etilorldef 
in e«ft of tilvtr iodl^ and siXipdr te^oesrenstte ueabrwries indlents 
ttio mak ft aid ttrengtli of ttm flaoed groiqi^ ings of those m^QbrsneSf 
Tho difftifion ooeffiid«nt« of ITAIIOUS ohXorides sndl the fz«@ enorgiQs 
of fiotivttion for dlfftaticxi of these &lQt^rolytm through the tvo 
Gsenbrenes n8S$ tber3foi<e« be oloseX^^  releted to the free energies 
of h^ d^ration of the respecrtive oations* The pXots of diffusion 
coefflctssntt of vstrioue chlorides Cet 2S^C} egain&t A j^«^ <^wd ^f^^ 
iraXues for the respective oetions ero shoim in figs* Bl A €2, 
Veilous 8:^ ringa activation parimetersi AH, A«i and A f^  for 
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the dlffuatoft of timm cftlorldet (at 2B^C) throwgh the two «eBlflfi»ie« 
have bs«n plotted agulnst ^ ^ y * t ^^hy6 ^^ ^%^Q v«it»8 
rospoctivoly foi* the retpectlvo «atlons In tfe© ltgs# S3*6S» Tti&m 
plQtn ln<31oat© that o close rolatlonehip exists fastt^en diffusion 
coefficient© end t(i3 ©nergettcs of diffuslcHi through a luomlfPtne on 
one hanajmd the energetics of Ion hydratl^i on th© other hand. 
VnltsoQ of A a ^ (ontbalpy of hydrQtian)| A Q^^ CfPe© onorgy 
of t^^rnUon) cmd A r (ontropy of hydration) for various 
cations are token fraa Noyes data (71) m6 givon in the taMo 81» 
ft iff intorostlag to not® that th© soQttencet of activatKm 
©ftc^rgy ar© <:^po8lte to those of froo onorgy of aetivatlcD* Th© 
relationship ^ 
7Ca) 
indicates that difftial<m cooffleientf ahould observe an ordor 
oppo^ta to that of fro© ©nargy of activation A G« Thws t ^ 
alaetrolyta for vhich A Q IB largo»t should have th© lonnt D^  
valua; as ie dea r fron the various eaQuaneas isentionad above* The 
etjuntion (7o) can alto be vrittan In tho forn 
'^c'^T ^ ^ ^ .... 7<w 
Since diffusion i s accospeniad by a negligiHe voltise ohango* The 
aquation (7b) claaily shows that activation onargy i s not the only 
factor govemine the diffusion of an elactroi7t«t ©ntropy of ectivattcn. 
5,02 
AS lifts also to be eonalderea* Thu« m elecfcrolyto nay dlffusd 
fatter thin tti« other If the former bus « Xnrgtr A s vtiltKB for 
may have 
lt« diffu»l<m enroll though tt/tsssf « larger E. vetkm fw Its 
6ittntAm» A lsi?gor ^ S value indloetos the trettei* ppobaMUty 
for tho tietiv«t«d ooKplQx fowBatlon m& ttmw ttm grestor Effusion 
rate. ?srt«tl.on« of dlflteslon rates end th© aeftlvatlcai cntrglet 
ifi th© j^ issllif^ r diroijtion hae l o ^ ofeterged l^ Hogg ot al <7S) m& 
Oreger et «1 (73) also* 
imMM 
fmmoDwmtcr^ OF lot mrnktim ^ ss c 
iMAliMf)il|l||M 
Ion AR^ AO. hya# ^''hydf 
C !Coai/kol@ ) (fCoal/nola) 
A S . _ . 
Wo* 
(oal/dog«*»olo) 
©ff 
M * •189«^ -lg2»13 «• 20*36 1*79 
Na"*" •303*S5 • d6»S6 -17*48 2.S87 
K-^  • 83«3? • 80«6B • 0*41 2*821 
B a * * *326»47 «3]4«0 *38*4 2*780 
C«** •a04»fiD •979«46 •60*36 2*303 
Mf^ «»473*S9 «>4Mid *63*9 1*800 
Coalng back to the dlfAision rata saquencasi i t I t c^aar that 
the difftisicm rata setjuanees obtalnad in aasa of sessbranas «£th 
ftxad groupings of vsik ftald strangth should be th0 s«a as thoaa 
predietad tiy Oregor on tht basis of hydratad ionic slat* Thus the 
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TOZ>/£>£ /^6r^t>M.A/^6 C») S/C^£-/R. r^^/OCyA-r\/Are 
at f fuel on ratoi should «how In^rm rel^loriiHip idtH tlis liydr«te« 
«t23 0f the coanteilofi* Ceatlont tn oise esieU Thle ! • lUnttrated 
la the plots of aiflttidtm coofUdontg ugalnst the eationl© hydration 
mmh&t Itjj ana th© fsyaretsfl mUtm volm^ t|j (Hga* 66 4 67)# The 
valtie^ of K. are t i ^ n fs'iss tise iKJdfe of Hamoa sna 0»e«i (74) «nd 
?jj hai been ealeulstea aa «ttgge«t©a by thot© mxthcu^ s u^m ^^"^ 
tGmaa.n ?||« 30 ». t- 6,47 (r^l^ • 6#47 a * 2-) 1? 
a « 
niher® • i^pr^dents tto naisl^i' of anions bouna per eaUon m& w^ 
ana p. ft»e the cryetiaiographle J?aati of nation ana snion respoctiwsly* 
The irfilti#s of Hjj ^ a ?jj for ir«y«otif ohloiiaos a«e gjLmm in table 8S* ^ 
i^fflffE^  OF H^ » THE ckTitmm mmfo^tm mmm ma ?j^ t 
THB w^umm chttm vmME foi voices m.mzpm^ 
mmmm»tmmm»ti0mmmmimmt*lt'immmfmitmiimimmiimmmmmimi 
a€>otp<ayt« i»j^  %^^^^ 
Wiiimut m iiwii iiiwiiii •imixii fcn IM»III<W»»»<IW—>——HIM mimim nfmni i imm 
KCl 1»© 
Had 3#6 
MCI 7a 
9MC»1_ 7»7 
cadg 22»0 
MgClg 13*7 
78#28 
014«4S 
^0Sfl7 
W4»w 
JJ4-0 
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C») Sll-V£A. ThiOCyAf^ATe M£^r^a,fiANeJ Vs Vj^ VALUES PO/i^ 
tt hm hem iir^it^a 1^ SotUfior (7a) tb&t iioltJdstbUity pla^yt m 
iw^oitmt ml» in aetexalfSi m& pmhnhtlit^ of m im %& m^er « 
mmihrm& poro* ms^cmit^ tm polntea imt tiiat adeoflMiMlit^ end 
polmimhiXit!^ mm islam^ lltk^i Cth© feiglwap aflserfeaUXlties of t^$ 
M*, ^ f ©t©» es© lifted cl0«t!ay wttfc tiieli? step % i^0 eti«>ng©y 
fiefomatton ana ttmg t»® ©ffscifelw ti^its^im t« aiainiatoed to « mrtein 
©aetoBt. fisQ iS|eiS,0eti*lo constisnt of ttia wHt^ z* Iii^p Kmud an i<«t 
^ «ff • ®^ t&®i^oi« t© oloi«l? i®l«^iir to tfio atffusion «o©fflol©«t* 
this l i ovtaimt tti tHo i>lat« of aiff^sion <ioBfftclmt« «ig«lti5t t»e 
6 ^1^ ¥1*1108 foj? tfeo mip@ett¥© eatloii Cftg» ®)» Itio ^ ^^ 
»0Wi owii^ to tfio «rtlc«ito mHm^ m i^toS.tftat Htfunim T^&S. 
of i?«ip|oiis pot«»sits9 » iiii5 w t^OT «a3Lt« tiiroigti tto© t««o mosli^ ft©® 
foUoif.ti^t oraoi?0 
lea > «:»o^> €Hj^ €ooK > K so^ > Kjpo(cJfi)^ > K^tm^ 
and Wi^ s«3>^>i?«a > nmiOy'CSLCOom 
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7ty& diffusion of tm edm* (anions in omv ease) ttirough tm 
eemferan©,being tfe® stm^T proodst,<S0t6i!ain@$ th© overall aifltiiion 
r&te (89)« WMI0 e(»iaid@rifig tb» aiffualon of ecdonst vmlotifl 
factors stieh as %&s&iS'hiMMtf$ valeni^, freo golwtlcw soMllty mil 
•I 159 biv® to be &msia&m&m fiio diffttstofi rate eetpenees («tt<«^e) 
gliien ©bow a2«e the same eg tlio^o oHsindtf by m^ttrng ot cO. CSS) tor 
a copper f^rroey®ild© aeiabren©* HOW©WP| wlior©a» tlis eoiloft obtained 
by Hartimir ©t si did not sgreo wltb thoss oMt^ ned by v l I l l s (81) 
for eopper f^ ry<«^onld® iseebrime en tbn bft^i of aembapane potently 
atu^^^, tbo {mi<mic s@?£o« obtcdnod in our ease for silver iodid© 
find ^Ivoi* tbloeyanate tseabranesaro tb© sacie as tHoa® Indlentod by 
tbo messbran® potential sttidiat (to b3 doscilbod lattor) idth tb®»@ 
two ffiesbrenes* 
Tfm fr@e soltiUon »oMliti@9 of vtilmii anions follow t{^ so<|ii®nei 
ffe(c^)^> f*©ca)f''> Pof"> ci"'> HO"" > «mcoo"" 
TbJ^  diffusion r«te« of diloridos^ nitrates and seetstos of 
aoana and potS9«li» tlirotjgli tft@ tn© fiie»bP@«e8 foUosf t!i© ascsa 
soffu^noe at that of tita fr@e golution aoMlitei of tftose i8»f on0« 
Ttms i t appdars that as long m tiaa vedlene© of tbi& mlcm6 i s tbo 
»ttB& and at tbare i t not mxeh diffirence in tbo adaorbplilitiei of 
these ions (&B)^ th© factor detensif^ng tise diffualon ratoa of thaas 
eleetrolytaa i s tbe frae solution soMlity of tba ml on* Th0 
diffu^on ratas and ttia activation anergloa for theaa al^etrolytos 
vary in tbe tiailar directions and unless ?s diiffars ^procsiably 
i t iippears tliat ^ S sbould go isore nag^tiv^ as one passes froB 
me 
ohioriae to ^mtuts tbroijgtt nltrstew Thti® tfi@ ptoh&UlXty of 
«0tivated ^oiapldx foissation goes on 4i»oroftilng in tfiis aireetlon* 
The difiUfilon rate SdQucn^ es for tlie salts ^iXi^ moXUitsSLmt 
miGtis mv@ &xt&^ly opposito to tbs or<5«>r for th© free solttUoni 
soUl l t ies of tl!@ •niofit* Tbo ffleat»7&no exerts « strong roptilsloii 
OR tUe oultiviadrit anions sua tlie ropilston Inor^asas in tho diroctim 
a < f0^ < C^CW)^  < f^ CCW)^  • Jft© activation energies for 
Sttlfates si»©, higher than tlioae for ehloriSes inaicsting a strong 
repiileloa 1^ the njeisljrsne for f^O • So^ve-r, tha aetivaticai 
energies for EgfteCai)^  sn« K^CCfDg are aensaier t&an that for 
potasiitia ofelortiS® anfl^ entropy factors for tfte foaser two eleeferoartes 
are tia^ng quite lov vidusi Cfi^ tsMes lOg 3.1f M and @S)« flits 
fliigiests tfaet ewn i f A v^no® for E-,Fe(0)^ and K.S^ CcSfl)^  are satse 
jX 3 a # e 
as tisat for Kdf A F for ttie fonaer t^o ©leetrdlytes snouia h&m 
very low valties* ftsus tfse probaMlltj? of tfie aetivatsfl eoaplQx 
foliation shcsuld to ^ry lov for tliese eleoferolytes* ^stdea tfetSf 
the setliTfited ooaplex may also be attached to the iseisl^ raney ttms 
rdnderint i t iattoMie, This i s qtdts eapected as ttiess mdonn ara 
strongly adsorlied m the a«Bihr»ie pore ^/alls thus narrowing the pora 
rendering 
and 3pflaflaiibd?ng the farther «ntr«iQS of these anions difficult bsomse 
of their sits and strong electrical repulsifln« 
m spite of the fnct that the average thiokness of the s i l ^ r 
thioeysnate weabroie used in these studies i s greater than that of 
silver iodide aeatsrsne, the diffusion rates are larger across the 
fonger* Aetivatlon enerei«s are larger for silver iodide weabrene. 
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Time %% is indicGtod tmt adtlvei^  io0i6& mmtafm& oacesxta BOI« 
3*eftzletlon oit tbe passnge of vmeimm elttcrtrol^rtes then does the 
tilvo^ thi063^a»fit6 c}«9l>ra»»« THit gets mxpport titm %t0 o!>ieJPtmtlo» 
that fitl'oev iodiSd meBbrano ha» got a bighor Hm^ eherge denatty 
(fl^tenjlnftd In tfe© next ^i^tdr) as ooBpftiefi t© allimr tfilocgraRst© 
</ by 
IEttteil3ei»g©r»t ia«tiio«| mak« I t poi«ttt@ to olsaeiij® tli© tsobaiftottr 
Of i!ieml)r^ d ii$sl9tmo0 and wmih^mm pototitieX sa^ so itrnisXtiaidouul^ * 
The refiat« Md© taliSle as^K t^ 4S-^i as*66 A «-?9l iii^oata th«t 
"v^fQ&n tiid ^fl^flcm rata tner^ftses «itti tiii)i»« o^ mbi'eaie rai^stanee 
®id mmiia?«m potontledl fel l , m ©entloned asillei*! tijp ooimt@it<»it 
m07o faetdr tlion o<^ oiid tt&rougli tt^ isosil»riafi@ m& tfiis resiiits in a 
ftoperetion of edergo eresting s pot^t ial «tf^i-cnoe aerots tli© 
lamlirme* The rolis of tlAi potential l« td aoeelrate the eoion and 
mtmt& t}30 comiteflon t i l l tts& two sovc at tlK» eaao speedf Tflfe 
dlffoslon ret© of eoioii Csnd hence the aifinaion rate of oloetrolyto 
as a whole), theuefoi©, litoi'0«se« with ttiae» m th© atfftaileai r^ t& 
of oolon iriof&iiids, the Siff^xefiee in the iiffHiion rates of the 
00I0R8 m€ eotsttej?IOR« doorowies iitd m dots ttit si^lirsne potential 
ana the diffuston rat© should therefow i^ach » steady vtiltio* Hi 
oar dspoili^nts we find that af&sr ahoot a hooFs, the ehangos in th9 
difftiidlon 3rfit«,ii@iibrans i^esistanos and the aesilirane potential \»tm» 
<3uite 3BS11 (i^ds figs* 7*16, 1B«26, 29-37, 40»4B>* Msehrane 
resistones iCLso falls with titss parti:? for this reasm and partly 
for th« faot that with tiias the oonoentrstion of dilute aids goes 
on increasing* 
1 ^ 
At S40 til iBlnut©t %t IL ^^ ^ f<siiow ttm setiammm 
,,^ m > Had > u a , ma^> c»a,> Mga^  
^ - ^ Ea > Had > Idea. I Caa > Bod > Kgdg 
^ Md > ma > Kd t Mgd^  > cad« > -^ «-^  
The #fli2@tat fBt^ mi^Qnms sm ttm mme m thQm oHalttt^ W 
tm9tm% tXm m&thoii§ fm mem'tirm® p&tmtitH teHln trm Kd to U d 
tfspotigh ?fad# flUf l0 as o^ GCst@^ bocmisft m nolxtllty of l^ I s 
largQSt mmg ttm thm^ adkail ostlonit ttm dllff@reneo tmtmm tm 
emtntmtim m& ttm eeUm moUliU&e ini^d© tfe& aeaferano i i gpoatedt 
t&t Kd» fitow<iv9Fjtfi© acffibPWiQ pot^ntiel ierlos for QlkaXine eartli 
W^liiJ?l<5©« i s sesueiifiat f i?f«sptlaF« TlitB mny tss atio t® tlis gtPmgoi? 
B^mieptifm of m l«««lng to m r©aiicfclon in ttoo Bierolrane oli««^» 
fbos® refuflttt g9t support trm oar 8tu€lt^ 9 on tho masbran^ 
eoneenti^dtlofi potent!ca« @orot« tMm mmibrmtoB in tiioso ©ieottolytot* 
Hfialwano t®»intmm» follow the 'sofiuofioeti that ai© to IJ9 ©^©etefi 
im ttm basis of oatlonfe isoMXitto8# 
Ttio il«a In temperatu^o la foimd to Inc^oaaa tim iSittndim 
rato ana aaeroaae ttm monlrano jreaiatanoe md mmilaipmm potonti&lt 
m inoroase in the ionio notilitl^s intido ttvs m^lrano idth xlm 
in td^erattsre atiould explain ttie doereaaa in maibrano Xfotiatano* 
«id inei^aae in diffti«t.on rate* Fatstar <3iflti^on xate i^stslta in 
the aiff^Mtnes in oone^tratl<»ia of eloetrdyta aoiutione on tfao 
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two ^ d>» of tfee o«8lsr«te being naimwer i«« there fa*© tbe aeBbPffliO 
potential sbotiid «l»o aoorease idtfi il0@ in t«perattii?&t TUa 
fiCftiviticm ©fJtrgiee oKtiino^ fr^ fii the i^lota of iog }>^ Cat 340tti 
mimzt@) f« l/f for vaHotie ohloridea fc^iot^ %hQ @mo s^ qpietiois a@ 
tfe<»e ol>tiifi@S vttli eofistatit floir »QtiJoi# 
tm 
a, wiijffiw.,-fffy.MW mpim 
m 
Qm mi ttm most ^mtpimoaB md readily ttixdled eleetrieail, 
nembrane offectels tl}0 ^eetrcssotixm fores iMeti ^temlops x^n tm 
ffiomlrato 9^&ratdi two eolutions i9ifler^nt vltii respect to tlUQtiP 
elootrol^tle oont^ tcmt* When the tvo fiolutt<»)0 ase of ttie erne 
elecftroilsi^ e l«t dtffeyetit la ism«»iiti»ettofi,tfes E»K#f» genei^ oted i t 
eallea the ffieatjrofie eotte^tratiim potentlelt 
m taost oases this ttemlsran© oon(^ nti'&ti<m potentlei aeiTletee 
f^m the i t ^ d iim^im potOTtii^jtfesst l«,tli® potently dlffofence 
in tit® Absence of ttie tn^brtne* Ssttia m6 fox c^^ off (16) weiQ tfi@ 
l l re t to recoi3«lie %hn% %im dii^etlon of ttols i&vi&Utm l i related 
to tm eleetrokK^netio dierge of ttie tseislrene m aeteitsined in ttie 
eleetroosBotie espeiltBeyits# mtti eiectronegetiire laealiranesi the 
dilute eoltition i» more positii»o then on free dlflttalcm (nithout 
ateabrane) indicating thereto thnt sueh isesibraaee t$!V<mr the erose 
Q^abrene pemeatiOR of estione* BeireFee 1« tme for eleotrepoeitii^ 
miiibrflnef ,thftt l s , t h ^ ere preferentielly fmion pei»eetdLe and i^th 
sueh seesbranee tto dilute eolutlen i« more negatiw then on free 
difftialonf 
Mioheelit (€8) irozked on A large nmber of e<iillodioR mcsbrmes 
of differmt porotities and observed that in ease of eeBbrinta of 
lov poroiity the steBbrane potential aa^ r reeeh the thensodsmaisioallsr 
po»«lia« ii63El«tan iriilii0# TMs is the npp&r Unit of i»«l>rm0 potential 
wtilld the Ii(!uid ^unetion potential i t ttJ^ otEioi* lisiit* 
I t was poifit©a out by Miebodlid that the tyanspoHntttari of 
#lect«lett^ ftcTdSfi tbe inQi«tfl?fia9« i s #ii?i^a lsetife<Ki eatioisg asii 
6111 onfl in a pi?<^oHi«n <l^ ,f«i&r0nt froi ttiat in t^m miluUm^ fta 
@Jl0etr0 nogativo mmlirmoB^thQ eationie tron^ort noiatior ineid© Ui^ 
pGstflp^ i© J t^ a i l greater ttwm tho catlonle transport noater* in freo 
foliition, t^. j(t^ > t^ enfi t^ < t_) vfteroas for tlectropoaltiim 
me«lsr«no», t^ ^ t^ «nd t_ > t_ # ladiaelie gav® tb© totlofdm 
B^&tion for th8 ei^lsrano eoneentration potoniiiCL serosfi fin 
B« C t^". t_) .---r* in «^^£^ •#«#CaO) 
wlier© e^ «tn6 • «iro tfia moan ionio ac t i^ t ie t of t!s® two 111 
electrolyte «oltitiona «fp«rated l^ the meiBbran©* ffm sign of B refers 
to tisBt of dilute iolution* t t e i for » aeabrittiQ- 0»ca.tsali?Q2^  
petKeeble to eattonsi t ^o l «and eg* C30) redtioos to 
Tims i t ie an «l«otron«e«ti^ assslirano of ideal lonie 
80l«CftiVit7* 
lid 
Settle and Toropoff (16) imx^ ttii f i rs t to point tonarae tti® 
orlflti of the latialjpane eti»7i«« Tbsy siald thet at th© pop« viaii-
soltttlati Inteirfeiso an eXoctilcal dimtt© layer Is foraea* Tt» chorfoi 
(ions) tliat torn tlis tamovsia© part of this doom© l^op «f« flittly 
etiscfcoi t« th© P0SH3 i#ll9» Tfes ehe^ e® of thlf IsiaovaMe layer %& 
either du© to adeoiptlon or du© to th« diseoel&ticsi of vail »at©iElal# 
Gming to th^ loetitim of ttm tmie pr&mQsm that g<merat® 
the wmhpm^ oon«$tttratiofi ^oteittim, mehmU9 ms of tim <^inim 
thsst as in th® esam of li«in|d ^unc^ton pot©ntiai| a alngle oiocitro* 
laotlw proo0S0 occart throughout ths thlisteots of th© ise»hpm©» 
Soliner <16)0 htfmvoTf wee of ths oplnlaii that aesbrsno potmtlali 
i0Bm mmpfimii of threo ocnponents : tuo phGso Ixnmdsry potontii^ff 
at th© tim isoa^wie soluticn tntorff^i^s mid a tran^eala'aRa difinslm 
pot^tititt miljraRdt (73) also h^d altoil^ viema* 
•PoorolX (f7),sjid later on Meyer and Blemtt (S ) Indefpondently 
dev^ijped the "flised ^arge theoiy of this atasla'oiies** whlob deala %(ith 
the id©a of "ttlaraHl» potentiias in a .^jaantltattv© aatwiort fhoy 
regarded th© mmhex? end dl8tnt»tloh of fiaced mUX chargofi In thi 
atiahrane to ho Indspendatit of %h9 nntum m& ©onotntratlott of ttm 
outside 8dltiti€ifi« that any «(arr©fit that Hoira aa^oss tho tt^hran@ 
If transportai by the ootsit^xionf of tbo flssod ehargcd tfall grovips 
and vhfitever other nm exehange eloctrolytaa present in the ffieishrano 
poro»« Colons are prevented by elec(trl«al r@ptili&on f r « cpproaeMng 
the spots where the fixed charges of the same sign are looat©d« Thus 
a decrease in pore dlSMOter results in a decrease in ooion concentratici 
n4 
in tb» port llQiaia* frm iufflolontly nairow popoe suets im» mm 
irlrtttill]^ @3cf!3ud@d and «i© aeoitjrfine- thm ltm«tlon« a« one of 
The emtimvt&tim of eotons ifi tHe 8!@a9t>riin« phm& i9 A&t^mim& 
t^ a aistrllmMon o^lttfflws oxlsttng beiimeti the ©XeefcJPOlyUe p^ ws 
strecttir® of ttm mmihtmm and t&5 ®4l®e©iit mtside Qle<^r&tft0 
neXnUmB^ ftm fisoS 10XX grois^s,toeing 'ithe Hon diff^sH^e" spdeias 
of iofi8sa»a rostrl«fcod to tim mmiWmn phase* In » aeiBtoiiio 
ooiteontrailcsi mil two sadte @^libilii sro sot 1^ Isattsfoon ttie ao^titions 
cms t ^ a^«io£^t turfaoo lft:^ ©rs of m»lir^o wittt a oorro^^ding 
eoneontrott^ drop aoros9 tho a^ljeeaot Tli© totsi amtspant 
eoncentratlon potentiea. l i timn tfto mm of tvo pfeas© iJOSMitef^ r 
poiontlols, €lm kmm m l>mmm potontf nila donoted tf^ A^ ind 7\2,and 
tho 6iffix^m potefitial witMfi the acalsreii© aoiiote^ l>y 0 « • ^ * • 
The Dofinan potenttalt ^ * *^ ^ 7T ©an toe ©ag>re«sed at 
end 7 \ ^ « — « * jjtjif^ . • .»Cl3b) 
( for 1:1 e l ec t ro ly t e s ) 
IIB 
wbeio r . tnd i^, mf& the Donnm diitrifciitloii i«tt08 at tba tv6 
interfi^est Thoflo mtios to*© gl^ ren 1^ th© 0<2aatl<m 
wft0y0 u i s tit© eactornol @I©cst3p0lyt© emamnttnUon mBcSx l» the 
a^ sbrmi© Itjsefl ^ei?g© density ^^tli l t« propQV sign* 
^w ^fttislon pcptentiei ^ • 0 for a tM«iiMir£a@nt 
©lec(fcjp«lyte le given Ig? 
< J D * * C ^ 1 ^ iini(iiiiiniiiiirniiiiiiiiiiwi.im .•«»iiiiniiiiiiiiiiir J ^ ^ sMMNfitoMa* ianmummwo iiiniitiiMiimumi>iiimuni # # # \ i ! | , { S ] | l 
whoi^  ti and If aa?9 the eatltmle md fwiiosilis moMltttes iiieiao ttm 
nmhrme^ flsid t!io total ambrstio fotenti^l is 0,vm 1:^  
E • •Kg"* U s w i i i w i w i i|» »iiiiiiniiii»miiiiiMiiiiiiiii wiiimiiiniwir H i mm,mo i > im»*>mm«>m,wimmtm<mf.wmm ^ ^ ^ i%B} 
Nov thre« eaiAS Art set 
(1) When tbe aeobrMfio ttjred emerge density 1© v®ry fiftieh 
higher thiat tt» •actemaa ©leetrolyte Kjoncontrstion tliB eqwattm (16) 
reduces to oq* (il) giving t!i© fs^inaii potontlai aerobe an ideal 
ion seXoetivo meobrane* 
(g) wben a:^ • .*«*. tli© ©qaatiofi (16) reatieos t© 
8 
B « ( V t ^ ) ~ - * . la ©^/«g t f •• (17) 
(3) wbsfi tta*«*., a iliBpMflcBtitm le a i fn isu l t , mt if 
the (!|»pFosim8tlon8 nad^ i t i tHo ease (3) ftre earti&d tHrotigtii 
o«iai»tiw (16)>Gd»c08 t© eq» (aO)# 
The T^ theoryt hotmwfi dd$s not t i&e in to acoo^t tfts 
activity ©oofftclonti and the solvent twm»tm aerofg t!i® mtabrane^ 
insplto of thoes aefeotSi tha HfS %Mmf hm » siaiJllislty imd 
proiddoa tbo ne«oseaj^ t^mecwofts for » mo«« eomplote theory giving 
© ^ ©^por Inst gilt in to tli& aoleealor io ta l la of the oitgin of 
ffi©»l^»io potonttsl. m g<m0rel* TtnQ WB theory Has horn ttnefl tjy a 
wmlior of vork#r» C8) for tSio eviluatlcm of tfm Itxed otiia^ jBO deniity 
of a tscssbrmat 
Anotbar groui) of uoi^srs saka tiaa of paaudo tttamodyninde 
^proncti of Reat^ard (33) arid the irravarailiila tteiaodyneiaios 
C^i30«77»78) to aavalop t&© tbaories of semferana potant l i^ . Them 
tbaoriaa <3o not naka any atiuaptlona rafardlne tli® tsmbrano atruat^irot 
Thoy «3o aooount for th© i8€E»!jr«na potential a anccoaafolly i n Bmm 
easaa tmt^ ttian, they involi;^ tasvis l ika vater t r ^spor t vhosa 
variation inside the iiaal»*ane phaaa ace not ea:aotXy Imown* 
Hnaiiy thero ia a Mfnat ie i|)pro@oh for tha <sai3t0llatloii of 
aeater«io potontiaia (79) hasad on tha theory of rata proaaasoa hut 
tliose tbeoi^eir Involve p&rm^tor& iilil<^ «re empl®^ fmt^ims of 
th® iie»1spi«e »tim©tttr© sua el*© «tl l l unknovn m&g hmeis^ hmm 
Birtenidiif® Xit@rataro exlat® on ttm mmhrtme ememt^&tim 
potentl@ild @ero83 aifl^x^ent faeabrsno esriitei»e# II1060 stttdloe htm 
oittmr laami taatte td otiaraotoiliso ^s^ous fficsabran^s or to thrmg llgHt 
on t!^ o tt0<^aAlgm of mmihvme Isg^mim^^ twp^attmt oontritotionif 
i4tf} tti& iii^ t@i* ei!S| l^ aim h&m mM» hf Marsliall (47) ns&ng ssaollt® 
Bostnanost Comeii i»4 H i^dlisioglo C@0) nftng t l ^ filtroo€aiitilos<i UM6^ 
WlUe mS Fstnodo (81) tiiiliig tiaierogmooaa ion ®»olimg@ ^®fiin 
mmypm&Bf Bsl^ ot «a. C8@) tislng aiffsront pcdy anion snd poU^ oaUm 
na^ itkraneS) end o mmhoT of otbor tiofkors t^^d@s %im pime^Hng '^^ 
of {lloli&oli@ @nd o^lXn@?» Bills et i l (46) ^  Xt&ksta&nsrssfffftai^  m& 
^nhTsimmym C^i W^ S3)i <3© Ifoyosy (84), l-orliaop ©t al (30)# 
llagastiitf« and ICag^ Mi (70) eni Gloos ©t ^ (85) hfive sul^oot^d %tm 
vs^Hms mmhrmB potentliil tiioorloA to oa^ex^tatntsl test* 
It 13^0 (ei) i80aa«r{^ Beal»p«Rs concentration potiaitlals aoroas 
« parishesent iai« a oop|»or fBiroe^md.^ ocsafcran© In solutlont of vuyloui 
alootrolytot «nS ditmi^ei tho FOI0 of nfiaoii^tions ionle «$s^ m& 
vwnmt^ «td lonl« »Q%ilitl@e« ntoik ot 61 (64^ 65) ©ixtondod tbose 
etiidiet to ft fmsb&r of stsBit)r«n@« prtporod f^ o@ tho prodpitittoi Hia^ 
ftervoflifiiiiaoi of «tiiraiaii»t manganoee ana cob^t 1^ depoiltlng ttDsn 
in tli» pores of perohsent pspQr^ tfm S1M61&8 m ^eio inorgtfiio 
pr@eipitite aenbranesy homver^ Itiek infoxit&tion rei&raing tbft 
xfDbran* fixed ^arg« density ifid the ptittftl«ofcivitar irbiobf ** 
tfeieilbed ftaiaLler, are of key iv^&rtmee in t-he t»ia©P«t«iiai«g of 
mmihrm& llinetioft« Moi'do^ri isom^ane potential* Umm not l>dQ» 
ittt^od ill Setrdi In onte of alkaline «artb dsloild© se^utlons* 
T&0 irttidl^s on mestR^ iano pmmtitiie n&^ms pnrfltmmiA s«^poHed tilmit 
iodide ana ^%v©t thiQe^mt^e mmtxtm^B In i^ aHous H i , isSy It3t 
It4 md 2$l oioijtrdlyto •oitttidn$9 d@@isiil)«^  in tMt olii|iter|i hmm 
boon sieSo ^itti oaplattis on them point i« Hffeot of e:Ktosfifii 
©I©«t2^i?to eoaoentifattoii on ippoi^fit «ni«»iie soMllty and tlio 
o^ionio tPsii«f©i«neo mmhBr in tbo aositaf^e ptitiso hm also Iweii , 
9it24ied» 
Psiteimmt msppost@6 eSLlvm^ iodldo and i i l ^ r 
fey dti^«(y.y roaming ttm p&tenti&l of tfto «elX 
^m<B electfolyt© t^s tisea on tfe^  tim slfio» of the ajesbriai® ®?ji 
Tlift aeslBran© potent!al.« t» tsost ea^ oSf tnex'eassd wltli t i w to 
6 BeodsMB v«au© l:0fose aaovXi^  felling off.i^ereas t« icra® o&s®8 i t 
a«ei^ fts«d witH tisis as i t cl@az* in tti& following tQl3.«s» !me eoititions 
on t!ie ttw> tiaot of tb» metttircaiQ tjoro eft^ ngod a nuraber of tlu^e t i l l 
tlia EBdibrafio potent!il oigesaeneod tsm a omistent v«a.uo* This ^^x& 
(««rk@d vitis fln • attorisk in ttti taliett on th® follo«ing pctgee) w&s 
tik«n ais tti€ meisbrane potentied. v«luo for that valiio of C.« ^ p i of 
tho ii«iBl>:i^ «i# potsntiKl infers to that of diltit® goltitlcn* 
MfiilM?ffi« pot^t l ias vore •eaflurea at 20 ;^  l^ C tdtli ttia help of 
a Pye ppedflon potflfitiofiater* CWo# 7a6B)» 
m. Mmm 
silvajp ioaia« iscntrtma in soluttcfie of KCLt 
mmimmmm^m&mmmmmmmmimmmmimmmm 
| ^ !3 i»« f l% P<^@Atii«t|. (|8?> 
tifs® c^-> Otooiir OtOin ©.oar OiiH %$m 
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•84*10 
•84*30 
•84*39 
•84*18 
•8i*18 
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TABIiS., ^|8> Valttss of &stionie %rm9t^mne9 rraatser t^ In Bilver 
iodide Q@mbrfl9io for i^i^iotit eletstroiytai at vai l out 
<"»,<« Miiiiiinimiiiniiiiiiiniiiniiii]! I III mini MIMWiillMWMMMMMlMpilMWVN 
% 
El^dt, rcHytQ c 
iiipmnnrnniKliiliHi mniiiin 
Km, 
ttaa 
Md 
GBgCOOK 
3 
Bacig 
o#ont 
' " inii»iiiii>imi»iiiiimiiiiii i(iiiii»iii 
0«06H 0»llt IfOH 
mmmmmmmm 
0#60SB 
0*6040 
O«40SO 
0#6677 
0«80S1 
0#aS43 
0»304& 
0«S6B4 
0*0^3*7 
0^0170 
0,8030 
0*9630 
0*9^8 
O.9«0S 
0#91?36 
0*00^ 
•0370 
O#03OS 
0*0633 
O#043S 
O«0O3« 
0*8i^0 
O«8^)0 
0^8600 
0«@&70 
O»S700 
O«S0O9 
0*0343 
0*0484 
O*0@B1 
o»saga 
O*80@i 
0*08^ 
0*0142 
0«SaB3 
0*8137 
0*7090 
0*8180 
0.8670 
0«8^0 
0*7^^ 
0*8184 
0#TO10 
o*7ao 
0*8^8 
0«618B 
0*6460 
0*8287 
0*8SB0 
0*8760 
0*<feOO 
0*8430 
0*8418 
0*748S 
0*8377 
0.8732 
O.06SB 
0*6133 
0*6^3 
0*7636 
0*4830 
0*«»88 
0*4803 
iliiWMinimiw 
( l lg i* 85*86,87) 
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/^lOpAh/ier^T AN I ON (C NtOfSiiUTiGS /N A SfC^eTL. 
AS A PONCT/O/^ Ofi Z o ^ C/ 
'-^ 
i 
K 
/^/O SI 
^^KT \ w 
•^^tZ^C^,) 
AS A P^OA/cr/O/v or ^^ad C/ 
* ^ 
CI 
K 
O 
O 
TO 
60 
50 
4 0 
3 0 
2JO 
io 
^LogC^ 
ASAPOCrfOf^ OP LOcj,. Ci 
thMM.^ iptm velum* Of ^parent am mile aobl l i ty , • • In iUv*^ 
Iodide tambrmQ for vtapitmw e l o e t r o i ^ * at 
trail oue eonceiitr«^lon»» 
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iippm^nt anl<^e soMiity 
Bietftrolyto c,~> OtOojH %oin o^Oim 
griiiiii Winfin I iliiiiiiii mwi'n >«lli«»nwx»W •tiMMMManMMiaHHiMniMiii* imi i in in i i i i i i i i i i i iwnw iHHill<Iiiill»r«w 
Wad . 
4 
ca COOK 
V^4 
ffaifO_ 
S 4 
Baesu 
Cdcag 
4*1 
@#4 
6»7 
ii#7 
8»S 
€^4 
&»o 
4iih0 
0*1 
4«0 
6«0 
30«@ 
19#4 
3t6#0 
3S«6 
41^6 
40,^ 
41#li 
a6*0 
3#4 
31*6 
10«4 
73#5 
€9 #6 
62«S 
78*3 
»7t7 
30t7 
47*4 
S4*S 
87*0 
146*0 
106*15 
10B»3 
M l * 
(figs* 77t78|7») 
1 
•4 
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a. 
/iac'a. 
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Fia. 79 APPA^£^T AN/O/^/C MOa/L/r/€S /A/ ^ S/Ct^S^ /0D/O£ 
> 
I 
$ 
S A ^OA/r.r^^'^ £>f /.o^ Cf 
7 
o 
zi-0 
o 
a: 
<!: 
k 
* JO 
^ I 
iO ~ 
o 
•I 
I 
V. 
^•0 
0 / 2 ? 
/^/Cr. 77. Af*PAK.£/<>T ANIONIC f\/IO%/LIT/£S /^fiSILUS^/^ /ai>/Ci€ 
OF ^agCf ^ 
T/iBt>K 118# Velties of penaseleciltrlty P, of a i v e r 
thlocyansfte aeisilirane In soltitKais of various 
oloctr6iyte$ at various concentrations. 
144 
Eleotrolyto c^^-^ o»doi!r 0,03lf O.OSR 0.1» %m 
tuSL 0«83a 0,@93 0.300 0.180 0,014 
ma 0.980 0,733 0.391 0.274 m 
ua 0.77S 0,731 0.415 0.306 0,249 
NH4CI 0,761 0,738 0.g@7 0,166 <m 
3 
0,870 0,710 0.376 0.313 m 
CHLCOOK 0,834 0«i641 0 , 3 5 0,171 m 
IgSO^ 0#874 0 , 8 ^ * 0.587 m 
K^mm)^ m • 0.881 m 0.647 . 
K^Pe(CW)g 0,993 0,068 m 0,759 m 
HaKO-, 3 0«837 0,748 0,434 0.280 * 
CR^COGNa 0.814 0,885 0.374 0.263 «• 
-2 4 0,878 0,7i98 0.655 0,504 m 
BaGjmQ 0.766 0,666 0.316 0,019 »0,162 
"• 2 
0«6B6 Oieei 0.365 0,146 * 
M t ^ 0*681 0,666 0.386 0,(1)77 0,083 
« 
w 
.*' 
(JtgSi 74i76i76) 
f o 
- - 2 
P/Cr. /e> 
- L . 
^Lo^ C 
iO^ 
OA 
0-4 
0 2 -
^^>7^^y 
. -^ C » - -^ 
-L06C 
'<? 
FlO. 75. PS/S.MS £L£eiT/ V/ry OP A »i"/<L \/<f-/Q TH'OCyANAiTe 
s 
y-o 
8 f o h -
M6M/^RAN€ fN SOLOr/ONS OP l/A/i/aoS S^CT^O^yHSS 
AS A fONCT/O/O OP Lo^ C, 
fAMM iyy# Values of pertnaelectivlty P^ of ai lver iofild© 
laeiBbrfine In soltjtlons of variouo dlectJwlytea a t 
variouf concentration** 
Eleetrolyte Cj^ -> O.OOlHf 0,0111 0»06N OtlW 1»<»I 
»aC3. 
Lia 
4 
3 
CHQCOOK 
V .^ 4 
3 
CHgCOCMa 
Na-SO. S 4 
Badlg 
CacOg 
0*904 0,731 0,4S9 0,271 
0»876 0,770 0*481 0*309 
0*8?6 0.790 0,609 0,444 
0t790 0,778 0,407 0,899 
0.906 0.766 0,491 0,8€8 
0.879 0*689 0,466 0,868 
0,928 0*873 m 0,663 
0,909 m 0,747 
1,000 0,996 «• 0.876 
0,892 0*767 0*527 0*346 
0,86s 0,778 0,41^ 0*890 
0,886 0,878 0,761 0*601 
om§ 0,847 0 * ^ 6 0,067 
6i899 0,718 0*396 0*166 
0^837 0#.690 0,396 0,137 
0,031 
0,304 
•o.ajsi 
0,064 
(ligs* 71,72j|73> 
c^ 
-Lo^C, 
F/G.75. PERMSaLECT/t^/ry OP A S/LVE^ JoDfD£ 
MEMa>^Af^S fN SOIUT/O^S 0/2 l/AJ^l/OOS 
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H-O -
NHi» 6«-
W 
/N SOLUT/O/^S O^ l^A/^^OUS eCBcr/iOeyres A3 A ^UA/cr/OA/ 
OP LoJ Cf 
1 ^ 
''TWifl^-f* Vilties of Cfitl<»jle tr«ntlfe«me® iiu«l«r t. in 
•i3.tr@r tbioiBfimiste afessbreite for voxioni 
KtMRMWaHMaWMMIM WWMM 
Sleet roll? te 1 ©•0|H OtOpi o»iw um 
ta . 0t§l8© 0«®435 
> 
0 « 6 4 ^ 0*6617 0*4963 
IffiCS. o^mm O#S0?S ©•^gyo 0*6036 0*^06 
MC3. 0«8€^ 0«81§6 0*6030 0»6S62 0*4646 
NH^d 0,^789 0«3^4 0*€41d 0*8760 0*4016 
0 0,9361 O«S0?S 0*6036 0 * 6 } ^ 0^SS66 
mjGom 
3 
0#0^3e 0«6f44 0*7I©0 0*7500 0*6431 
«b% 0^0848 " 0*9200 m 0*7660 0*6766 
iCgifeCa )^g . o^aso O»0J3@6 #> 0*8^01 0*7660 
K^i^(m)g 0«99«6 %^m 4» 0 * 0 1 ^ 0*6763 
w^o^ %mm %nim 0*6661 0*67^ 0*^366 
d^COC^s o^nm 0«8I»4 0*7886 0.6761 0*6638 
Ss 4 0f®881 O#@07& 0*7870 0*6^37 0*6966 
2 ©•S6SI 0«0Si0 0*6314 0«496S 0*S7SO 
CaOg OfSt^ O^SII^ ^TP^B|P ^lrlr ' '^w'IWW 0*46^ 0*3a»7 
MfOg OtSioy 0#7S^f 0*^^34 0*4333 0*3064 
(Hgi* 68i60t70) 
HO 
^Lo6C, 
1 
3 
d 
FfQlO. 
\Qr 
_ LoJ C, 
^/a. S9. <^AL/c^/\f/C T/2iArMSP0R.T MOf\ytR,BR.S /N A ^IcvSR^ TH-/0~ 
CyANATE M£M/h-0lA^e po/^ lyA/^/ooS ^LBCTJ^oLyreS AS 
A ^^A/r T/0.\' or ^ cod W . 
I-M 
Vi 
{•Q~ 
•7h 
•5H 
.4.5L 
V 
Q 
O ^ 
•J ^ 
C 
V 
V.) 
H-OU 
_ Lo^ C^ 
p/d> <S8 CATfON/C TA.ANS.POJR.T A/Ur^/3>£'/^^ fN A StLV£/L rH/DCyANATe 
M£MePA^€ ^Ofi ^AR/OUS BLScTi^OLy TeS AS A FOrvCTlOfSojl~o^ C, 
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I g^fi» iraluet of tppmpmt «n£imie aoMHty^v* in iilwiy 
thlocyanste me8il)3^ 8r}« for "vnilous ^o<irol|rt9f 
et vsMcms eoncentrntloiiK* 
j^P«r0i i t in l«mlo ffioMllt? 
Stotstfoiyt® C^~» OtOOjH 0#OiJI o»a» 1»0M 
Kd 6«7 13t6 40*8 02»@ 7 ^ 0 
l^adt 7»3 ®f7 S0«8 40«4 62*0 
Md 6tS 8#8 S6#6 34t© 44t8 
4 IO48 l l « 0 4Q«t 64*3 7S«0 
KirOg % 0 32»3 ^ • @ 46*0 68*1 
<^Ca5€€ 4*0 2.0.6 23*6 ^ • 7 40*8 
% % ^ B 7tS » astS 3St3 
BLI^CCSI)- S»@ fit3 4» 16»2 08«S 
t. f f9(CU)^ OtS l«6 W, ^ 8 10#5 
!l«l?0^ 6t0 Stir 39*1 37»0 48*4 
m^comm 4«6 8#S I9 t8 24*1 3B*0 
ffUgSO^ 4»S S«3 !|3»o 8 S f l E3*0 
BaClsj ®f? <i3»8 40#6 82cS 184*8 
C d ^ I%8 I d t 3 36«S e i t S U ^ 7 
MfCig is»4 I3*a 3S«@ 73#3 I80#0 
cage* 80|81|83> 
U7 
«tonoefiti»0tlon« ^ei^tti %^ v^pmmt mlatdn m&Ulitf tner«ftaet* 
«<m«entrsttont (Cj > O.OBII),«,at.ctt«, tn the B«ibr«ie «xe« cbttge 
density ^ e to fii90i|>tion« pjpoliAMy of DoUoite^ flilsd a€it0 in t l^ 
similiir d|KiQtton« ffiif i^dauticm x$ in6ie&t&6 1^ tfie !5gia>l»ren» 
potantifii beeoKti^ pptigrossiwtsr negattv® wltH time M^^ tMm 
^B»m i lll«lia)« tn f«et» tn efefi® of SaClg et tlju eoneentip^tlm 
ratio iW^^W th0 mmhrmiQ pOt@fiti^ f^lB tmttsm ttio l&^id |wi«ti<m 
f otdiitis3.| t^ fs l l t bolo^ tho ««tioftte tufmwmmnf^ lamlxji* of 
Baca^ , iB ffoo s^Xiititm Cof leoAeetitfatlmi ifl> «md l>. ^cosoe nogatlifQ 
tftdiodting tlifil i&@ illir^j? ioSlda md silimi* tlii<iQyansto men!sriiR@8 
rm<srm tfeetr ofiargQ Cfro® ©lecferone^tlve to @lQctr<^08itii^)* 1 ^ 
I5>p«tf6nt anionle eoMlltir «l«o IJOCCKOS iroi?jr Ul^ st ttil« «<mo6iitratl<m 
j?atio# in mm of Baca t^ feeeaaae of ^edtaotioji tn cationie aobtiity 
In tli^ «o»br«»0« 
Masibi'ano p o t ^ t t ^ a for vftsimn caoetjeolytcsiji tn genotrtl, observe 
the foUowtng otQetm 
WSl cii m^Ct > NftCX > U d I 
B«dL> CaClg ^ ^ ^ ^^^ dUtito ioliittmi) ; 
CftCSlg > BaCSg > HgOg <in concentraua ioXttttont) ; 
3.4^8 
Wsiaaw fftetors h&m to b@ mn$i€Qv®i in ora«r to aisottts 
th^m WBtgaentms^ ^qportant oamis tlitae wre freo solution soMllt i«t | 
ft««o^l)aMlttleit vfil^ol©* m<5 tfci© lAi^f of tb© iowt ooneti«Ma» 
Tim 90^mm &U9im^ fm %\m 0k«iki o!ia.oii<iet tmm i t ttie m&m 
ft€ t}i@ o»3 oH^n@a In etmo of diffusion i*«to studies mpX^ying 
W,%%€ltmr$W@ tmtho^m 1^1 i w@i^mm em I90 oi^lttlitoa on ti» tm«li 
of f£«©o solution ssoHlitloi of ttm throo aUrsili oaUonn iitii€li eileo 
follow tho .oraop E > US > 14 • M^ bftii ae»iiy tlio »m& isoMllti^ 
ftf tbi^t Of K m€ ttioTOfoi^ t tf3@ i8«GSi!}ra»o ^olimtims l« eolations 
Of m^ci ^cttli m mm to tmmtn mMtimu of Ka. mmtmw, 
mmm tim tlii^ eo ea.k«li oatlcmsi K bovlitg tbo anii^lost h^ d^lratod als9 
&as tbe Muslim ^mm of mtei^ing te:^ ci poi'^ a of tioter«|ioifoiji» mosl^ rsiiost 
7{io ootlonlo ti^mnf&XQnm mmbor In tHo isenbriBne^ t^ ji tboieforog 
in u^m&T^,^ i^Xtm& the of^op K oi M^ y m > M * 
Ukallnt osptii cttlosldes folloir aifforont oudoi-a in dilute 
ond ooncHsntrsted iiK>3uti<m9# In the diltito soltitionSji tho obiorirod 
order i« tho iiMte M oa|}oot@d on the l^stie of fx^ i^ltttlm molallity 
and hydrfitod sist« In eaeo of eoneentrated eOli2tic3ii«4 howovef« 
ttiit oifdor It oDanfod to cad^ > Bad > tlgcaL § pKil>iit9ly dtii 
to the atrong adaen>tion of Ba^ "^  leadlnff to tiio nai^d reduotion 
In iB«R|Mrane fixed oharge denslt^ r* AotuoUs^ t in eaao of BsCSL at tlio 
oonc^tratlon ratio ll^O«ifi tho eiaiBbranea «^ <3tilre ft poaltlva ohargo 
ivi^^ taMea II? St 118 and flff# 73 * 76>» M oaao of cacSI^  ood 
HgCl^  also* at Higher eoneentretlona ,adao«ptl<m of oatlona takea 
m9 
tlj8e« Hov«ver va^k^t mti^nie aatox^tion in mm &t Cndt^  ^hm iMm% 
1ft Hate of Bacau i« tvldent fi<OB tfe# gi^ater iralitd of i ^ for OaCSL 
%tim tM% tQW BaOLg «t Vism mmw^it^tm* IlL > 0#0${0 iOLtbotiffi in 
rf©« toXwttaii^  i+ 1 ^ CaOg l« loss tftwi t^. iur BaOlg* A« t^ 
V$OM0 ! • not kftonn Ibt caGI^  ^t I^ «Of}««fiti*fi^ i<m» It i« not pod^llte 
to jtenow tifeotlior t&® ma8t^ i««o i^trore^s it« efes^ fo at tlio «o»«^t3^atlori 
ratio W/^^%^ Of n«l« In cai© of tgClgj 8t^» t&s oaticaiio u^souptton 
i s <pit@ ii«i}k ft0 tu. ^sctiit r^aini differ ttssKi t^ V€IUQ muSi P^ 
raidiit positii^ tliiQ* Itsdiontlng ttimt t ^ meeltrmo does not ^mgo tlis 
« 
sign of lt$ oli»vio mm ifi t l^ ooiteciitrQtlof} ratio IH/Of iftf 
Tb® sntottlc sorlos &1s»^mm$ fi®re a*© «Kaotisr opposite to 
ttioso found for t!io dilfusioii rat#s of ^ose ^^^rodytes by oonstant 
ilm iB<ithod« Hmsy the mitm i«fiioti i i stcodismi i!ig^ @ds6 in i t s petssag® 
tbrodgti tliG ffioml^rsn^ giiros ilso to mmfmm o^sbrsno |>otontieil# ta 
osf« of tnitrflLlent e t^onsg as %h&m is not tsmh 6itt®rm%m in ttio 
adsorl^abiXities of tti«s« ionSf t l^ f«tetor r#spinsit)il« for different 
irtiltiss of tfi* »9i!l»r«n6 potenti^ for tiii»ss anions utist tie tbs tme 
sointion iffioblllt^ fr TtmSf as CSLOCKT ion fiss ttie siaHlest fr«s 
soIuUon mofcility aaong Cti »€§ «na CS COd^  asabrans potential 
valuas sboaXd hB lat^sst for CBLOSOK and CH 00(^a mongst tba 
potatfiiira and sodii» siQ.ts of thosa iRionSf m easa of nultiTtilant 
anions tbo aSiOxpticm is strongar ttisn that in easa of univailfint 
anions «rta ineraasos yitn the inoraasa in tba anion valanoy at is 
caaar fron^the eoagtilation viaLtias» for a nagativaly chargad siXvar 
iodida soil of a nusibar of pota«iitn salts <67}# mm€m&ti$Jms^9if 
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fintonie etiaffe r«)t^ts in u ttirons ^eetrioil x*€pdidQR for mim 
W tfsa ii«9braii« tlsat nfiklng %h» «nti!y of tbd fom^v In tlie aesabr«m 
3P«p«f dlfa«!tilt» »i oftt@ of l^<«l)|"" una f«(asf)j'il#w a«stion 
Oftti «l«d eOBi^ into |>lottiz*e Bteeastt i»f tHoi; lender $im$ /pp^fmt 
«nio!)le 9ioMIiti©f <via® tat&es 119t ISO) ^M*^ &i«o fo|3l«et to toet 
«^mt tbQ aleve « |^^t »x»Htd 1^ mfiabrnno €mr^m9 In ttio or^er 
A«torditi« to tm fH& Itm^vv ^t itiftTiea ia@at:Mrai@f tim^ 
eonesntriiti^ trfiHution of m^Brmo pt^ontlai fo? ii i t l elo^j?ol,^o 
own h® *a%ilim& to otra3.ti«t« tbe asenfexi^ e flased isfi«2ve t^entit^ ^ 
CO X (vtiofii c«) tt I 2 d@iitend&fig tipoii ttio Blgn of tli^ ise&ibjrme 
<^ <n^ « an«» "x 1« tt» fixed «li|sio atntlty tn o^v6«Ait»r)* 
a*eonit1,y Alttur «na Sfeir (88) fott^tro aoveXofyod • aothoa ^ s e i on TIP 
tti^oi^ to oviiluK&o ui>% TtAt ia«tlioiS hxk9 hmn n^^ losrad h%m to 
oiriatiato tn* CO X valtiet of i t l w r lodtdo iisd Ml.i?®r tMoe^mi^ 
Ih thif mttttodf tot i l ttinbFtfte potontiid noross a »enbrfine in 
Kd ffoXutionf of diffizlnf eotioo»ts^atioria (C /^Cg i?«i3iiitiiifi oqaaO. 
to 10) afo eaaiottlatod •toriMi^ vntim* lin»oth«tioil vtfliaei to oo l 
<»0«41f, »0»|K,oto») vlth the HoXp of eipBtioni C2a»ld)| u and Vf 
tHo ofttionio mA ^le onionio aoMlitiet intidt tHo nisbrano hftv* 
twen osauBod to bo tho 9mm «• in froo toiution* Cuing to ttm 
proetioal 6iW,mitst of aioftearini ionie oetivitr in ttio ao»br«ao 
ph«f9| eonoentritimo hwm been used for ecftitritiot at luftefted 
by iatot tna Heir (88)» Viinef of C TV , ""^  /"V g ) | ( <^  - </> \ 
f/o a j 
2 3 
CALCUL-AT^^ yALuf-S OP /^€M^/lA/^e POTG/^T/A-L /^ 
^coM^es) A^^ - '•>i^8 ^ ^ "(JAyG^^j ArNL ^ a ^ f - e vtD vPttues OP 
Mer-^&fiANe PoreNTffiiLS A<-^OSS SfL\/e/l XOD/DP r^er^/^R.ANe 
(9) A/^J> S/cvE^ r^fOCyA/vATe A/<f/v/S/e/W£ (f-4lj) /A/ KcC 
^OLUr/ONS AS A /^OA/cr/OA/ OF JLog C, 
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8na tb0 tdttH mmtivmm potent I aO. E^^ ^^  for van out liypotlittlcaa. 
vaittais df CO ^ In Kdl colutlmt of Mttetont a>n«entrations are 
given In t«Kte SS1# ^cilo '^^ ^^  *^®** plotted against l©i0* for 
varlciis vea.u0S &tto% For tijo eaa^ otmeeitration r»ie@5e3iS»0rl«&nta3l3^  
disserved taeisfcrsttso p u t ^ t i ^ a (in WSi feoltitlons) are plotted agJSdLnet 
lo«C,« fbe tfeooretlciil cun«j tbat owriepi tfi« ea^ariise^tsl «mr9^  
giv«e the viai;© of cof &f tm mmhrmm wnce2!m6 (VI^Q ii.$% 03) <» 
tims til© vatoos of co ^ j^ r Oliver ioili© m& nilmt tMo«sF8w«t<i 
tseatsraasot «erfj fam^ to to© *©tOlir aftfi «OtO06H re^«ctlve3t3r# 
How tislni thoe^ 03^ 0 rlsiontally aotealr^fl viattes for tfi© 
flao^ ©lisrt© i©»jitti«e of tlio t w s@jBl>rs«i00j vfiltie« of C. "^  j^ "•^  "'^  a-^ * 
( <^  g • 4> J aiti tfe© totii. iB^ sBran© potentt«a ^asia ^^ 
tftlmlateS for t!i@ ^mQ mmhiemBs in mlsMm^ of Had, I4C^ snS 
fUl^ ca of dlfformit i*oneetttratloii» (vldo teHoa 122 & 183)* ^ 
oraor to «cis|jare ttm ciac«l«ted !BOml>r«i>o potontl^i across tb& tnjo 
aosbrmet in se&uti<»i9 of mm.^ U a ffta nu^a vitb ttie eiq^iorlseiiti^ly 
observed Btessbrwte potentisls In thtfe el®otrol3?te»_,tti©y Cl}Otti| 
e^<!iil8t«d vilt;tds ss nell m mspetiwenttHL v^udt) liiirar* |}0«ii plotted 
«g«tnaft logC, Cvld« flg»» 84-86)» 
« 
dood figfoe»«nt I t observed between tue ouleulated «nd observed 
vfilixee in mm' of flH^ ca# only a f«lr «gr®i«sait i$ obtorved f»r 
^eca i«{ier@fts tbe egreevent la poor in e&sa of M€l« mspeetion 
of 0Q» C3€) reveals tti»t for el&etrolytee CllkQ K€l» MJZ} wfeoee 
lone have nearly ense ooMlltieei "^  « * *^  3^^ reduce* to aoiill 
v^lnet and tfierefore the t^otil fcesbrane potent!«a beoomee ln|ep«ndent 
Of ionic »0Mlitt©i» m ease of ffadL/fahd LiCl the cat ionic and 
VJ 
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P/Cr.e^. (=.ALCUl-Ar£r ALOES OA /V^-^/V/S/Q/^/Vi*- POr£NT/A/ /AlAtscC 
SOL.OT/ONS Aii •'•1IMO iKfX - -OC>\ N (COfi.ve%) AMCi - oe>oShl CCV/1^€ 2.'^ 
^i^s. t'u IOl>'DB f^ar^fSifi^Nt {•) AA/D S/L\/£/i. THlOCyANAT6 MEMfU^AtNE 
C^ //v NaCC S0L<.r/n^s AS PaA/cr/OAf aA Ao^ c^. 
IS2 
ana tqftia sieabPfind pdtontlaX 8^^^^ eoro«i « 
sa<ee>ttr«rift In soititlone of !t€X of vftdtoae eonedntratlofts^ 
a tc i l t ing vailmis v i lue i to c*?^  of tfi® ©TOfepane (at ^^C)^ 
wmmtmtmmtimm 
^ K H^% 0 
(IS?) 
«*0*4?? 
•(^•IW 
•OfOSH 
*0»OS!l 
NO»02« 
•0*00811 
Ot(^|E^0«(^Oll7 
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CAl-CUCAT^^ VALUSS OP t^BM/^^^NE POTe^r/AL /A/I, C, 
SOLOT/O^S AJ^^UMfNO (^X ^--^ Ol N (Cn^^e ij AND ^OOOB uC^.v.. 
AND ori,SEJ^Vel> VALUES OP M£M/&eAr^B POTfA/T/ALS ACROSS 
SiLVefi. IODIDE /^e^/S>^A^6 < : • ; AA^D SfLVS^ TM^OCyANATe 
MBMR^RAA^BOL) IN SOLUTIONS OP LiCf AS p:uNCTlOAj OP ^.OO, C, 
l&B 
•••»l«M««iiH*Hipi«MW«nipMM«WMI »H|IIHI«IIW>I[I—in 
HciciJfolyt^ "A 
fe?) im) W} 
ii"<iiim<itiiww mmmmimiifmmtimfmmmmimmmmmmmimmmmmtm'immmmmmnmuift HIIHHIWHIM ••mwrmniWi 
md 
Md ©•OOlW/O«OO03m 
o#0i^/bAi» 
1O.S0 
1«1S 
*O#80 
»i3«oe 
•10#1O 
4 OtOO|H/O*OO0«l 0«01^0*001W 
o#osfrO«^M 
0.1l6g.0l l l 
3lf/0tU^ 
4@«SS 
10*8S 
l » l a 
OftOD 
•0 ,09 
*1*10 
*1#16 
46*06 
«Q«04 
QtOt-
/N NH^CC SOLUT/OA/S ASS.Oh^lfNCf t»0^= ~c>a /A/ 
Zoj>fl>e f^£/^/&fi.A^£ C^') AMD SfCySfi. T/^/oCyA/^ATe 
MEM t^A.AN€ C^^ f^~ /V/V^C^ SOCUr/O/VS AS pUA^CTfON 
Op 1.06 Ci 
aa4 
X#RI i^t 
total nieabrwj© pGimtltH B^j^^ «i«i?ois Q aii?®r 
tttion^Qtieito mmhvmo (nsmming l i i <^1» '^OvOOSIO in 
wlntlons Of S«a, ua mi m^a (at so"©. 
i>Wi^i>li»»«i>i]»i"M»wiiiiiiwwiniifi«riiW»ii|iui>»ijiilliiii|riiiiij«!i>iwi«W'iiii>^^ iiinmiiiiwi 
« / % 
••MMawiiiHiMMaMiDM IIMMIMINli>liMM^ia«MIMIMHl«WIIII^^ 
llttCL 43*09 
13«S1 
mmBt 
S»04 
aa W#8| 
0*84 
•Of 3? 
•i©#a4 
0?#44 
93*06 
4 
o#owo»ooss 
cnr#c»Jl 
43#0S» 
8tS4 
O«03 
»0«4§ 
t.7% 
•MMHMIIMkMMIMliM 
Cfigt t a4»@a»86) 
156 
tfigntlteniit ^ntxllmtioii to t!s«$ t<»ta3l mesibrana pdtdiiiii4* I t l« to tm 
ftotod ttint in pf©60ifit e^<;!t33.t^i^s the fm^ mlntim taoHlittee 
havia fmQn n$^p Wommn^^ m,tfa9im dcttt in ttm lit^tSiUim itidi^ateg 
tBt&t im^e n0%3l3.itl3« viidei^o & obmge in m chei'ged ptia9@» (32) # 
Bimitmp ^etrlsticms liai© aXen Ixseii ohrnvwHi hy J^tiig end Hatr ($8) 
to ho ioes tliOT tfest for slliroff loai«o Moliyeito ana ttiii mi^  «o««»mt 
jpoj* t!i© Xii]^ oi? itffaeion mtm ahmsv^^ In <»8e of tlia taiamiP^ 
Htm reeuitff dosertlofi iii ^it© diiptor itidi^at^ tliat t t^ tmUmimi^ 
tit pnvtitmQn% mspptiiet^ sHvav iofiide mni silimt tiiiooyangbs S3^ !>i!im««, 
Itt g&tmviHg 0m 1M deeountta foi» m tfie Mtla of tuo tfteoj?y of 
toofelXt l«3y©? «iid ©lereri aaS ttio vlo^rt of HlcHaollii Con tba rol© of 
a!iS8orptio!«)t B»t^  tft» B0»I>?«RO0 t^pry li«4l loRogonte group® t^«8«tied 
to ill© aetriXf Ifs^so graapM may o«o tfckolr 0Pig4» to t l^ ^isaodeMim 
Of teldio giwq?i of pardmont or to ttjo &&$QfpUm of imifstnlo «iion» 
or to Ijottit 
%Be 
nMMM^,W?, 
3# H» Trattli©t Jireht^* mat* myi!t<a#, 88, ClBi?)« 
@« ft@« Dormm mQ W«E» 0aiii@3?» ^* mc!i»« BoOt JH^ 13iS ( B S K 
lOft E»E» ^d^ter, jf* Chom* i^se*^  J ^ 013 <39I4)# 
i@* ii»i.*&e%!!i£t0| mn* m.m t>h7s«, j g i 4so Caass)* 
14* H^l* tl@|8$f t ^« l%yi« €bM«, ^ 3a6| 3 i ^ (1^30)« 
I6f lU B>tis9 ana 7« torq^aff* Z* Ph^sl.^ Ctiea*^ ggi 6S€ (3^24)^ 
17» T, T®or»ll» Proe» «?oet li«s»« MiAt Med»| ^ SSg (1986)t 
P!PO«» Kftt* Acad, 8cA« !J»?^ », j8|, ISg (103S)t 
18* K^ H* Meyar and J»F* *5l0v©r«, Ktelv. Oili^ Acta*, Jgt» 6401 
ees (193«)» 
19t T» Teorell, »l»c* Fapaflay soe», j ^ 0 (1966)* 
S0» iuX'* Rodfkin and ^F« Boxlayi ;r« I1iya|€il,» j p ^ 446, 47d« 
407 (1352), IMd* H ^ t ^ ( l9a3) | A«U Bodi^n, Proet Hoy« 
*®de» Per, B, , | ^ l (19fiB)# 
so* 1-*% li«a^aor <st * 1 „ msiv f s ra i i ^ ^-mm^ ^ - 1 4 1 Cl9as)t 
34t lu Peli i»il, %« my^S^ ch«» Cfi*i»&«te^) »it ^ S <apa4)» 
(3040), p» a43« 
8si mm) 9 
70S CB€S)# 
im 
43^ " jlaH# Foers, nm$ t^Tm^s^ ^oCtf ^ S04 mmU 
44^ ®,Ep S^4f BjiA# fiSliiaio «ft<S Ci|»»« Boiinajp^  1» Pbf&§ €&cm»^  
45t @#^ « MI1.@» l^ »M«l^  Jaenbd mn ^t I^^bi3iitar«|reiifi&it!it 
48» I?, x^st^fsiiii^i^i^KiMt ^MUm ^hmesf ^^^^§M1M 4 S C I @ ^ ) # 
(i94i^t i» nm* 0km09 M ^9 ^^ immu 
3911 mmu 
BU §»K* IdlltSt TraiiSf F«rsa©y ^oe«» ^ 1 ^ <3048)« 
62§ A#f t M»llti| H(i3f« Hartimg m& 6*M« Willis^ Tri»l0» fiS^ ««!lQ? 
63* ifttf* MsHk «id r#ii^ All» KbUoid*% J g ^ 130 C19W» 
54» Wftit Mm,k m^ nu'mmqiLf Pfoet ln<S» Ae«<S. Ocitt J igi 
80© <a^«2)|jj* coiic^a ^ei#t Ji# s«i (10^» 
6@t V*0« MitUk» H« MLf &^ r«iU ^satQit Ball* Ghm^ ^oe« 
Ji3>mi, 40, 1741 ( l^W* 
a7t H* Irakfteinariorttiftli^t ^« l>&3a«iei^  ^el« H»J^ i» 4491 (l»6a)f 
B8t S^K H««ki9 and P« Jfeor8| PPoe» Boy* r<HB»» J g ^ 4©8i 
610 (3066) • 
*6v 
m^ ^i P©tlm» T^f %plt Polymer ?«!•» g, 8Si9 (3064)# 
61. W« I^orst @t ia« Oftsi2» Cblffl* Itfidl^  l i t 1241 WmU 
g^ t ^ d (1364) • 
S3t T«^ f imiil and E*^ » M^jlln(|8@th| iUttav Ilftli7# B0£*gen M«ti * 
Hat* rei»<» ito^ 13 (10603* 
€a* ii,p« dspogc^ r^  d'^ m* d im* . Si3e*t SSi 3 i ^ ^ <1@4SH 23i ^ ^ 
(3K»6lS» 
in «ll«l(rm© f3tmi^0V% and lletalsollw*' (M% ^ B|.©lii8;^ l.«y ^ 
A* Mt^}^ A0aa# I'iress, JrewYotfe 15961),pp. l^*179# 
6?# H» Sii6ri*5r^  In «tm m^t^m^^ iM^ ^»l» Hastnelisr) vol# 8^ 
Cefeteeri Htew fork (1§6B>« 
©8* lit Kl€lia6ili« PPOC* Intem* Congress Plent Pbysicai^yj 
S» 1139 iWm)t BiU, N«t» H0f» Cwinell, m^ 69, 159 (5&S9>i 
lt)lIoia*2, Jgg| a (1933)* 
69« B* Chu e t al» ;r« inox'g, tto<a# a!i«ai«, 2A» ^^^ Cl§62># 
TTolt 1, I?©l6fe»P| »0w VoJt (:©66), p« m^^ 
71* B#t^ * !?€^ @t, ^« AS* CSi<»» ^oe«, § ^ aia (1@62)« 
73« ^« Bogsi is»«ri milittas Mid H«^ « ^otmttoni moi»lds!» Blcsphyt* 
?a« Ht Kiitfal$6| H« Jaeot^ ftont Z»f* ^ l l ^ r and H»!»» Gregor, 
if* a>Uot« iBterfne© f?cl«, ^ n (1966)« 
?4« a;»-% Haxned and B«fi, Oi;^, «Tfie Pti3ral«il Ctimititry of 
7€« v^v^tUriffidt, J« Can* IWito^« jpi 933 (SSSS)* 
77# 0#^» WLll$g l*#W#lf» Jecobf anfi H* hsk&tmin^^^wi^^ Fi^ ©» 
Boy^  ro<fe,, j ^ S46 <3061)|i 
ast s*jr» Beta ^t ea, i» coiioia mMrfece PCI«, ^ ^ a (BSQ)* 
m$ ITS ms») t 
p« 365# 
mmm 
Cti) 
mmm 
prmmem ©eaarrtiii mmm nt^ifi^iSL mmhrmmt hm tmm t# %ti»Gw 
Hibt m ttm ffefsteucfeMdeai sheets af tii© aiffit^oii pmmamn 
takifif ipl8« ©<SP«it ffiw^ «c«iplie«t<ifi li'^m m«1^ «ii®»i M«lsi»i»i0e 
» 
Dtff^f lQi i i'«stef #f ft woBbei? of S i l f l i ^ t l«i^t 1«^ '^^ '^*t 
0)l0i^t0lf%6» »«r0t« ^ e two aasibr«ii0i haw ft&eii aeaftn^i n»im is«ttmt 
eleistfolF^^i ©Ijier^ th0 following &tim»i 
Kca > uaa > Ma» 
ana tita > itiiOg> m^mmtk> ^2^4, 
pariBsteri for ill® <51ffti8l<m of th&m #l®eirolyl9i tlsrmitft the tiro 
|,%lr3> / 
EG! > f a d > MfSli 
]tetJ?€^y fa«st«»i' A L5 J ( > i i tn© mean tfl«t#s^ 
l30tw©Q» sttceesalvo 0i|ul3.tt»rli» poaitions) Has tKXjn ctia^^letofl fo? 
til® rest of €sloctiwlyt©8f 
i^ eeo$>ding to feorelX, Hoyoa? vt^ Bie^fms* ttieox^ of «t elie^ged 
S|@orit8itiii!i€i Msofit vrrioui cKmift^ Honfl Centiont in otax* «ato)« ftdw 
ff©8Glts i» a atftparoftos in tlie Slff^sioft t^ a&6« of triir4o»« «3*®ct3Pol|n^ 0« 
I 
hm%m ^ itf^rmt camntorlimfi tait «mo mimm T&Qi»3?0ti«ii3L batts for 
tii@ ismintoilon «@l.a«itii^ it^  df sai ion s^cctiisiiger fi^ h^m noxlcftd out 
i^ orogdri Etsonmifi «ria ^ e n r in tomi of lafi fiySrutloti* tlid 
polat tov«p^« tfeft tiG«l£ field ifcrisi^li of the tlaced ctiRjpgefi $vmp9 
fit t&«» tim ©omliFiartoi^ i ftj© aifi^wien «oefftei«mt9 ift<5 itio fro© 
©n0i»gl0S 0f fiitli^eUim f9» tlis dil*li«l«it of trarttxi* c^^rldea »fty 
ttioy©fo>o l^)0 iPolsfcea to t|i® f^*©0-jefn©r|^ ©« of-fey^i^iai i»f-tli®— ~ 
estioni# Tfie pt^B mf iiffusion eoafflelisfiis eaa ttis v^ jpicmi 
^3^ng*« ©cfcivetim i^ iyPiwe^ra for tho dlfHislon of theio eilectfols^t^i 
iigQlnit vsrloui ^o»od:?iiBsdle $fiircia@teFif fdr ttit lis^ Si*atl«)ii of 
eonpoaponding ^atioas «lioi? ttiet m«li i^a t lom^p ®3d9t$* DifHiilm 
eooffieientQ of vsurtcwa cijlotidot &®I»B liteb isoon plotted ageltiet 
tlic corroipondlfse uattonie fesf^ratiow imafeore m^ l^ flrafcod <>?>ti«n. 
iroiikeSi SLe(«tf^ lft@ hairing the log30t imliios for %tm e^lonle ^ 
liS r^«t£c»i maimer m^ %h% tt^rtttud et&ion ir^tme aiffneet fsiieat* 
rintlly tfte diffusion eooffldlofttf of iriiiiotts i^oil^es hmQ feeen 
plotted sgalfift tft© aielectile oo»@lmts of the sol^rwt li^or i^ »ma 
tte» correfpondlnt cstlono* iflil th®i^ plots inaicat^ tiie laportoic© of 
ion hyjSratloii «n« tli© ton po3Lfti4»»lllit3r In tHo eifftsaiaa of 
@ioetrol3^«fs Aorots a maBbren®* 
fli© anionic «ei?l«f for tb« difftmlcm ratoi hfivo l>e«» dltmsssd 
in texni of ttie Bobilitietf valendes m& aasorbabllitiei of the 
«nlon«# For »onov«l0nt miont itudlea^ the anlonlo ©oMllty i|jp0«ps 
to )b© th© aifftiaton r«t« fOTomlnt f«etor m ttiore i t l l t t lo 
difference in th« adiorbaMlitiet of %tmm mim$^ For smltiviOlent 
mlonfii th® velen(3!sr tnd tho idtorb^blllty mm& to haim groater effect 
«Hfk 6ifiatl<m r«tet ^t ill© «nlonlo v(^ @noy iner&mom^ th& mm,l»m% 
3— f&p^^m for th© ffltilon tfier®a«9a» m «»s« ©f «iloii« Uk© r»Cdl)g 
sft5 f«(i(:!|)|| "=• * large °«d»03?b8Mlltioi of tl^t© lo»«. itupttioi? 3?®ai«t 
fftctoi'S Is reflected In tls« imergloi of aetlvfttion lend tiii mntttspf 
f actori for tfio dlfftt^csi of tteJf@ sliestroXytes ai^ i^ iSi the t ^ memlflpmo 
Th0 ^ff t ts i« i«fces of the 0le«ti?^3rt0i «i?ro8t_tfi«^ itl^^sr 
iodid0j!$G»lirmo ore saa03.1@r tnm tMm mifom illver ttiloea^inii^e 
lacaferan® t^erest ih© aetlifetioii 0fi«»gtos i3«^©, lsft@r far stlt^ar 
|odia@ stci3t»:*0ie« fbiis i» ^ egr^nsnt ^i^ the olsi^i^stlcsi thst 
tim0 eb*rgo aoiislty of tli© ullir^ir ioSid« iamfei*f'^  i© larger thm 
tfist 0f lAl'^j^ thtoeytunto aoailspffln®* 
• HttuA<m mtm of vn^irnxw ittenili* mS iiteailnft eortlt 
«&l.oH5©f hmti hrni d0ttialn0fi Isy iatt«l.fc6^«i?»« matliod ia.is«» This 
laoihod @nalsil@s m% to ae^^jr© th© wsBferiif*© potently ^ i taeabriii* 
reslitintj© ly mfl th« aiffteidofi i»et« 0^ at ©ly tiieteitt vtthln f«v 
aliiKtti* Th« tlffl© vtJPtitIm of s I l|j^  iinS »^t at vaiioui t«!g>eri^ iiJ?ia«i 
h9iV% ttmi b6«ti •ttidl«d for the tijo meis^i^oi# ft hat h&mi Qhmrv9i& 
i th«t ^0ite»& mmitrme pottntiftl and momlireiio r&8i@t«(te® ftSX idth 
Uim@^ aiffusion r«t« lii«r«ittf# Aftof ^hmx% 5 houra tti« difl«it$9 In 
]^i 1^ ma f>^ tmeak% cpilte isiallt tho«o ol>sorv.^ tloiif hmQ Mm 
«iqplaliied in th« foXXoirlng vtyi McolartRe i^otoutiia Cgenerattd dtit 
to the dlffereno» In the toonterloit and oolofi s}oblXitie« ta the 
a^ l3J»iii©> onus©© m thcpswe In the colon noUlity Ine l^ the 
aeRbriwo (una time ta inereeee In the dlffuslcw jp«t« of oXectroiyte)^ 
m) 
The ttterei^e In eoim aoMlitj? renults in tn© aiminisMfig of 
fteabrane potefitt«l| niitati in turn emms th^ 6lifmiim mt& 
m& tho nmhrm& po»i«%mm to sttniti neaily atsii^ w^tiost At 
34(^ 11 ffliimt^ th0 v»yioas se«p©«s®« ob&ewe^ ©^ 01 
!> - • Kiel > l^ ftCX > Mdtf BadLg > CaC g^ > MgCSg 
^ -=» wa> ma > ucis caca^  > ma^ > ugo^ 
Hio dl^Aisidii r«t<) aoipQiic^a sris taa@ $tsr ttiose oHaln^d f^ 
eojiitimt floir meftfio^ n B^ttamms foj? S^  aft^  Bg. Um& been ©j^i^inod 
<»i tlio hmtB of Gattenio tsoMltttes.iae^gto^teauatailui^^ £ei mm 
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INTRODUCTION 
The findings of Teorell ^  that gastric mucosal membrane, in some formal aspects 
at least, behaved exactly like parchment membrane led us to investigate a very large 
number of parchment-supported membranes as models for biological membranes. 
In previous communications^"^ tht\membrane potential (£) was related to the 
permeability (P) parameter by a Freundlich adsorption-type equation E = aP^'", and 
the constants a and n characterizing the membranes were evaluated. It soon was 
realized that the electrolytic resistance of the membrane R^ plays an important role 
in the diffusion process. This communication deals with the determinations of the 
membrane resistance /?„, the membrane concentration potential, E^, and diffusion 
rate D„ at various temperatures. The evaluation of the energy and enthalpy of 
activation of diffusion of biologically important electrolytes and their relationship 
with various thermodynamic quantities of aqueous ions is also considered. These 
investigations emphasize the importance of hydration and the energetics of the 
associated processes in membrane phenomena. The fixed charge theory of Teorell'', 
and Meyer and Sievers^ as well as the views of Sollner^, Gregor^, Schmid^° and 
Eisenman'^ have been applied to elucidate the electrochemical nature of the membra-
nes investigated. 
EQUATION USED FOR DIFFUSION RATE MEASUREMENT 
The equations used in these investigations to calculate diffusion rates were 
modifications of those which apply to the migration of ions under the influence of a 
potential gradient. The equation: 
de+ 1 
dt Z^R^F + Z++Z^E^+ Z++Z [£c+-£m] (1) 
where 
2+ = mmoles of cations 
Z+,Z_ — valency of cation and anion respectively 
£ni = membrane concentration potential 
£c+ = potential difference (mV) equivalent to a given difference in cation 
concentration 
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£<;- = potential difference (mV) equivalent to a given difference in anion con-
centration 
F = Faraday (96,500 C) 
i?m = electrolytic resistance of membrane (Q) 
t = diffusion time (s), 
which was deduced by Kittleberger'^, was employed for the determination of the 
diffusion rate. For uni-univalent electrolytes, Z+—Z_, eqn. (1) then becomes 
^ ^ de de+ 1 1 ^ m , I [ £ c ^ - £ j (2) df df FR 
where D, is the diffusion rate and Q is mmoles of salt. 
EXPERIMENTAL 
Preparation of parchment-supported silver iodide membrane 
The membrane was prepared by impregnating parchment paper with silver 
iodide. The paper was first soaked vvith distilled water and then tied carefully to a 
glass tube (cylinder). A 0.2 M solution of potassium iodide was put inside the paper 
container which was then suspended for 72 h in a 0.2 M AgNOj solution contained in 
a beaker. The parchment paper was then taken out and washed repeatedly with 
distilled water to remove the adsorbed electrolytes. The solutions of potassium iodide 
and silver nitrate were then interchanged. The paper was then immersed in them for 
another 72 h. This process was repeated a number of times until a very fine deposit of 
silver iodide was obtained on the paper. The membrane, yellow in colour, was ob-
served under a microscope; there was a fine deposition over the whole surface. 
Apparatus and procedure 
The assembly used for the diffusion rate measurement is shown in Fig. 1. It 
consisted of two half-cells (125-ml capacity) having flanges to fit each other. The verti-
cal female joints, T and T', attached to each half-cell provided introduction for the 
electrolyte and the conductivity cell electrodes. The test membrane in the form of a 
disc slightly larger than the cell was installed between the flanges of the half-cells. 
One Ag/AgCl J-shaped electrode and one Ag/AgCl disc electrode passed through two 
narrow holes in each half-cell very close to the membrane as shown in Fig. 1. A 
narrow tube was slipped over the ends of the J-shaped and the disc electrodes and 
waxed firmly. Some mercury was also placed in each of the tubes to provide connection 
to the copper wire leads. 
The conductivity cell electrodes dipping in the salt solutions in the two half-
cells were used to determine the salt concentration of the test solutions. Various salt 
solutions (KCl, NaCl and LiCl) were prepared from B.D.H. AR-grade chemicals. 
Initially, they were usually 0.2 M and 0.002 M in the two half-cells. No appreciable 
change was observed within 5-6 h in 0.2 M electrolyte concentration and we have 
therefore assumed this concentration to be practically unchanged. 
The potential difference between the Ag/AgCl J-shaped electrodes in test 
solutions on opposite sides of the membrane is the algebraic sum of concentration 
potential E^- and membrane potential £„. E^- was obtained by calculation from 
the measured concentrations of the two test solutions and {E^ + E^-) was obtained 
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directly. The membrane concentration potential E^ was then obtained by subtrac-
tion. Under the conditions of the experiment, the dilute side was always positive and 
£„ was taken with its proper sign. 
The electrolytic resistance of the membrane R^ was determined by applying an 
external e.m.f. to the Ag/AgCl disc electrodes in the solutions on opposite sides of 
the membrane and measuring the change in the potential difference of the Ag/AgCl 
J-shaped electrodes. To determine the current in the circuit, the IR drop across a 
known resistance R (1000 fi) in series with the cell was also measured. This measuring 
current was kept as low as possible in order to minimise the transfer of ions during the 
2 or 3 min required for each resistance measurement. 
To potentiometep 
To cond. bridge 
Cond. cell e lectrodes 
Electrolyte concn. Ci 
AgJAgCI 
disc electrod 
To potentiometer 
To conductivity br iqe 
/ 
Cond. cell electrodes 
Diffusion cell 
Thermostat 
Electrolyte 
concn. C2 
AgJAgCI 
J-shaped 
electrodes 
Fig. 1. Apparatus for diffusion rate measurement and electric circuit for measurement of tlie membrane 
resistance R„. 
The experimental procedure involved setting up a cell with a membrane and 
silver-silver chloride electrodes (both J-shaped as well as disc-shaped). Known volu-
mes of the two test solutions (approx. 125 ml of each) were introduced and the con-
ductivity cell electrodes fixed in place. The assembly had magnetic stirrers in each 
half-cell and was placed in a thermostat maintained at the required temperature. The 
measurements needed were the determination of (a) the salt concentration of the two 
test solutions, {b) the membrane concentration potential and (c) the membrane resis-
tance in order to compute the diffusion rate. 
Two sets of calibration curves were needed in this experiment, one to obtain 
the concentration from the measured conductivity and the other to obtain the con-
centration potential E(.+. In the first case, the curves were plots of conductance vs. 
concentration. The curves from which concentration potentials were obtained were 
plots of e.m.f. vs. log fc from the equation: 
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, 2.303 RT, ^ 
e.m.f. = log/c (3) 
(for uni-univalent electrolytes) 
For all electrolytes, E^-* was equal to the difference between the e.m.f. values 
of the dilute and concentrated test solutions. 
With R^ in ohms and E^ + and E„ in millivolts, eqn. (2) gives the rate of diffusion 
of an electrolyte through the membrane in mmol s~^ 
The potential and conductance measurements were made by means of a Pye 
precision vernier potentiometer (No. 7568) and Cambridge conductivity bridge 
(No. L-350140), respectively. 
RESULTS AND DISCUSSION 
The equation for the diffusion rate for a uni-univalent electrolyte is given by 
eqn. (2) which clearly shows that D^ depends mainly upon two main factors, membrane 
resistance R„ and membrane potential £„• The changes in the diffusion rate over a 
range of nearly 6 h for the chlorides of alkali metal ions are shown in Fig. 2. The 
variations m the membrane resistance and membrane potential over the same time 
range are shown in Figs. 3 and 4 respectively. As the diffusion rate depends markedly 
400 
Fig 2 Rates of diffusion (D,) of various electrolytes through silver iodide membrane at different temps 
LiCl (straight hnes) (O) 10°, ( • ) 18°, (D) 25°, ( • ) 35°C NaCl the same with a dashed line KCi the 
same with a dotted line 
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Fig 3 Plots of membrane resistance vs time for KCl at different temperatures, and for NaCl and LiCl 
at 25°C (dashedlines) KCl (O), 10° , ( • ) , 18°, (D), 25°, («) , 35°C NaCl (Bj.LiCl (D) 
49 
4 1 -
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33 
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Fig 4 Plots of membrane potential vs time for KCl at different temperatures and for NaCl and LiCl at 
25°C (dashed lines) Designations as in Fig 3 for KCl Dotted lines NaCl-(D), LiCl ( • ) 
on temperature, it was thought worthwhile to study the effect of temperature on 
membrane resistance and membrane potential. The behaviour of membrane resis-
tance and membrane potential for KCl at various temperatures is shown m Figs. 3 
and 4 respectively. The effect of temperature on membrane resistance and membrane 
potential was found to be similar for NaCl and LiCl; representative curves for NaCl 
and LiCl at 25°C are also shown in the same Figures. 
In order to obtain the energy of activation of diffusion of the three electrolytes 
{viz. KCl, NaCl and LiCl), plots of log D^ vs. l/T (T is the absolute temperature) 
were drawn for the three electrolytes and from the slope, the energy of activation 
E^, was evaluated. As is clear from Figs. 2, 3 and 4, the changes in £)„ jR„ and £„, are 
appreciably lower after 300 min, so these values at 340 min were chosen for each 
J Electroanal Chem, 23 (1969) 137-146 
142 F. A. SIDDIQI, S. PRATAP 
as 
-81 
22 
-62 
2.1 
-83 
20 
- 8 4 
19. 
- 8 5 
1 8 
-8 6 
17. 
- 8 7 
16, 
- 8 8 
I I 
0 0 0 3 3 0 0 0 3 4 0 0 0 3 5 0 0 0 3 6 
1 5 0 
1 4 0 
130-
NaCI 
LiCI 
aoosa 00033 00034 0x3035 ooose 
Fig 5 Plots of log D, (full line) and log R„ (dashed line) vs 1/T (both at 340 mm) for different electrolytes 
(D) (1), KCl, ( • ) (2), NaCl, (O) (3), LiCl (O) (4), KCl, ( • ) (5), NaCl, (D) (6), LiCl 
Fig 6 Plots of log £„ vs 1/T for different electrolytes 
TABLE 1 
VALUES OF MEMBRANE RESISTANCE / ? „ , MEMBRANE POTENTIAL £ „ , AND DIFFUSION RATE D, ( A T THE 3 4 0 T H 
M I N U T E ) F O R V A R I O U S ELECTROLYTES AT DIFFERENT TEMPERATURES USING PARCHMENT-SUPPORTED SILVER 
IODIDE MEMBRANE 
(C1/C2 = 0 2 M/0 002 Af) 
Electrolyte 
KCl 
NaCl 
LiCl 
Temp r C RJO EJmV 10'' DJ mols-' 
10 1180 37 0 2 50 
18 94 5 34 8 3 37 
25 72 0 29 7 4 70 
35 48 0 27 0 6 83 
10 158 5 29 7 212 
18 1115 27 9 2 94 
25 1060 23 5 3 45 
35 610 260 5 20 
10 198 5 24 5 182 
18 160 0 216 2 39 
25 1260 214 3 07 
35 900 20 3 418 
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electrolyte to make a comparative study. In order to draw the plots of log D„ log R^ 
and log £„ vs. l/T, the values of D,, R^ and E„ chosen for each electrolyte at each 
temperature were those at the 340th minute. The plots of log D, and log R^ vs. l/T 
for different electrolytes are shown in Fig. 5; those of log £„ vs. l/T are shown in 
Fig. 6. The values of D„ R^ and £„ for different electrolytes at different temperatures 
(at the 340th minute) are summarized in Table 1. 
The energies of activation of diffusion for the three electrolytes are in the order: 
KCl, 6974; NaCl, 6132; LiCl, 5675 cal mol-i. 
The enthalpies of activation AH* (at 25°C) for the three electrolytes are as 
follows: KCl, 6382; NaCl, 5540; LiCl, 5083 cal mol '^ 
A critical evaluation of the experimental results on the diffusion rates has to 
take into consideration the following factors which are responsible for slowing 
down the diffusion through the membrane compared to the diffusion in free solution. 
1. A part of the cross section of the membrane is occupied by the frame-work 
(cellular material and silver iodide precipitate). 
2. Diffusion of the electrolyte takes place through a tortuous and hence longer 
path. 
3. The frame-work impedes the diffusion of large hydrated ions. 
4. Interaction of the fixed ionic groups of the frame-work retards the diffusion. 
Moreover, pore geometry also plays a role in explaining the retardation in 
diffusion rate. In the system investigated, all homogenous membrane elements are 
taken to be charged, rigid capillary structures or gels which may be adequately 
described by the classical fixed charge theory of Teorell. The charged membrane is to 
be viewed as a set of parallel capillaries having a diameter large with respect to the 
thickness of the electrical double layer at the walls. 
The interpretation of the results of the diffusion rate studies can be discussed 
in terms of ionic sizes, solvation, mobilities, adsorption properties and other thermo-
dynamic properties. The theory put forward by Gregor^ in relation to the ionic 
selectivity depends largely on the use of hydrated ionic volumes. As our discussion is 
largely dependent upon ionic hydration, it seems necessary to mention some concept 
of ionic hydration as applied to membrane phenomena. Levine and Bell^ ^ have con-
sidered the region of water surrounding an ion as a coordinated hydration shell, and 
call it an ion complex. Its formation and breaking would be accompanied by substan-
tial free energy and entropy changes. Stern and Amis'* considered that ions may 
possess solvation sheaths of water molecules "bound" to give distinct molecular 
species. Stokes and Robinson^' have given the number of bound molecules (iVh) 
in their hydration shell by the interaction of ions and the surrounded water. This 
number N^ is not the same as the conventional number of water molecules in the first 
layer around the ion, it is rather a number introduced to allow for the average effect 
of all ion-solvent interaction. The following are the values of iVh and ao (mean distance 
of approach in A units) for the three cations'* 
NH ao{A) 
KCl 
NaCl 
LiCl 
1.9 
3.5 
7.1 
3.63 
3.97 
4.32 
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Fig. 7. Plots of: (1), NH; (2), hydrated ionic volumes; (3), E^fj; (4), Z/UQ VS D„ where the D, values are 
those at 340 min and 25°C. 
6- -sr 
Fig. 8. Plots of: (1), D,; (2) AH* vs heats of hydration. D,-values are those at the 340th min and 25°C, 
A//*-vaIues are those at 25°C. 
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According to Gregor's theory of ion selectivity', of two exchangeable cations 
the one with the smaller hydrated radius will be preferred by the exchanger. Depend-
ing on the size and electrical charge pattern of a pore, it may either admit or repel a 
solute particle. This is the basis of ion selectivity and applies equally to the material 
in a thin sheet (a membrane) or in bulk (an ion exchanger). It has been proposed by 
Mullins^^ that the hydration of the materials of the pores themselves may provide a 
favourable water environment for particular ions or molecules, so that they slip 
into the pore away from their previous water molecules. According to the Mullins 
argument this could result in selection of a particular size with discrimination against 
both smaller and larger hydrated ions. However it is more general to regard the state 
of hydration as being in a dynamic condition so that a fraction/of the number of a 
given kind of particles in the solution has a reduced hydration corresponding to 
excess energy A£/mole, according to the Boltzmann distribution/=exp ( — AE/RT). 
Thus, it can be said that those ions that have lost sufficient water of hydration to be-
come smaller than the pore, can enter the material. 
To obtain a quantitative relation between the ease of penetration and the ion 
size (hydrated) it will be necessary to know the electrostatic force that acts between the 
ions and the material of the membrane, since this force provides energy equal to 
AE to displace water of hydration. Eisenman^^ has pointed out that the order of the 
ease of penetration of univalent cations will depend upon the energy for the ion-fixed 
charge interaction. The values of the activation energies as determined for a silver 
iodide membrane for the three electrolytes are found to lie between 5.6 and 7.0 
kcal mole" ^ It is quite probable that the pores of the membrane may have such a size 
that they allow some of the hydrated sheaths along with the ions to pass through. 
However in Fig. 7, plots of the hydration numbers and the hydrated ionic volumes 
vs. Dr show that Li"*" having the highest value has the lowest D, value. The plots of D^  
and enthalpy of activation AH* vs. heats of hydration (Fig. 8)'0f the individual ions 
show that Li"^  having the lowest value of heat of hydration has the lowest values of 
D, and AH*. 
Noyes^^ while dealing with the thermodynamics of ion hydration as a measure 
of the effective dielectric properties of water, has regarded the thermodynamic changes 
during hydration as a measure of the effective dielectric properties of solvent and 
shows that £effective IS primarily a function of the size (crystallographic radii) of such a 
cation and is virtually independent of charge on it. As, during the diffusion process, 
adsorbability and polarizability play an important-part which will certainly influence 
and thereby diminish the effective hydration (the higher adsorbability of Li"*", Na""", 
K"*" are linked closely with their stepwise stronger polarizabilities and, hence, effective 
hydration is diminished to a larger extent*) it would be quite logical to relate the 
effective dielectric constant with D,. The plots of £eff vs. D, are shown in Fig. 7, the 
highest values of e^ ff of K"*" giving the largest value of D^. 
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SUMMARY 
The diffusion of LiCl, NaCl and KCl through parchment-supported silver 
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iodide membrane has been studied at various temperatures The diffusion rate is in 
the order KCl > NaCl > LiCl The membrane resistance R^ and the membrane 
potential E^ are found to decrease with increase in temperature The membrane 
resistance is m the order /^^(LiCl) > /^^(NaCl) > i?m(KCl) whereas the membrane 
potential is in the order £„(KC1) > £„(NaCl) > £„(LiCl) The results have been 
discussed m the light of TMS theory and the views of SoUner, Gregor and Eisenman 
The diffusion rate and the enthalpy of activation of diffusion have been related to the 
number of hydration, heats of hydration and other ionic quantities 
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INTRODUCTION 
For the characterisation of the selectivity of ionic membranes, the electrical 
potentials arising across the ionic membrane have been measured by constructing a 
cell of the type 
Ref. electrode | Solution | Membrane | Solution | Ref electrode 
1 2 
the reference electrodes being the saturated calomels connected to the solutions by 
means of a KCl-agar bridge. The cell potential in this method gives directly the 
membrane potential. The calculation of the membrane potential and the theoretical 
approaches for it have been classified into three main groups: (a) the idealised theory 
of Teorell, Meyer and Sievers (TMS) and its refinements^; [b) the pseudo-thermo-
dynamic approach and the treatment based on thermodynamics of irreversible 
processes^ and (c) the kinetic approach^. 
In part I of these investigations, the electrochemical behaviour of the membrane 
was treated on the basis of TMS theory. In this communication the evaluation of 
Donnan potentials, diffusion potentials, membrane fixed charge density and perm-
selectivity has been carried out on the basis of the TMS model of an ionic membrane. 
EXPERIMENTAL 
Preparation of the silver iodide membrane 
The membrane was prepared as described in Part I^ .^ 
Measurement of the membrane potential 
The potential developed by setting up the concentration cell of the type descri-
bed by Michaelis'^  
SCE I Solution | Membrane | Solution | SCE 
ai = 10a2 
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was taken as a measure of the membrane potential. The measurements were carried 
out using a Pye precision vernier potentiometer (No. 7568). 
RESULTS AND DISCUSSION 
The results of the membrane potential measurements may be discussed in 
terms of the theories put forward by Michaelis"', Meyer and Sievers^ and also by 
Teorell^. Michaelis held the view that the selective permeability and potential of the 
collodion membranes were due to preferential adsorption modifying the differential 
diffusion rates. Wilhs'' extended this theory to cupric ferrocyanide, and Malik and 
Siddiqi* applied it to a large number of parchment-supported metal ferro- and ferri-
cyanide membranes thus confirming the earlier view of SoUner^ that the behaviour 
of collodion membrane is due to the surface charges fixed on the membrane matrix. 
For the evaluation of membrane fixed charge density (ax) by the potentio-
metric method, Teorell* and Meyer ^ ° have given a method which has been developed 
and reviewed by Lakshminarayaniah^^ Recently, Altug and Hair'^ have given an 
ingenious and indirect method, which has also been developed on the lines of Teorell's 
model, for the evaluation of cox. 
The essential feature of the original fixed charged theory of Teorell® was the 
assumption that the overall membrane potential was composed of three potential 
jumps: two Donnan potentials at each solution-membrane interface (denoted by 
Ki and 7^ 2), and one residing inside the membrane, the internal potential or driving 
potential being denoted by (^2-<^i- The overall total membrane potential E a^ic is 
thus given by: 
£calc=(7!:i+7C2) + (</>2-</'l) (1) 
711 and 7i2 have been calculated according to the equation: 
-RT, 
Inrj 2(a) 
and 
F 
RT 
712 = ^ r lnr2 (for uni-univalent electrolytes) 2(b) 
where r^ and r2, the Donnan distribution ratios, are determined with the help of the 
equation 
-l-(S)T-(f) 
where a is the external solution concentration. The diffusion potential (l)2 — 4>i for 
uni-univalent electrolyte is given by: 
u + v F \a2{r2U + v/r2) 
u and V being the cation and anion mobilities in the membrane. However, in the present 
calculations, these are assumed to be the same as in solution. Owing to the practical 
difficulty of measuring ionic activity in the membrane phase, concentrations have 
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been used in place of activities, as suggested by Altug and Hair^^. 
In order to determine the fixed charge density of a parchment-supported 
silver iodide membrane, various values {e.g. —0.4 N, —0.1 N, etc.) were given to 
(OX and for each value the total membrane potential was calculated for different 
concentrations of KCl using the above equations. The curves of total membrane 
potential vs. concentration were plotted for various cox-values. At the same time, a 
curve was plotted between the experimentally determined membrane potential 
values for KCl and the concentrations of KCl (the concentration range being the 
same in the two cases). The fixed charge density (ox is then the same as that of the 
theoretical curve which overlaps the experimental curve. 
The values of the Donnan potential (TII -fTij), the diffusion potential {(pj — <t>i), 
and the total membrane potential E^^i^ for various concentrations of KCl (for various 
values of (JOX) are given in Table lA. The values of the observed membrane potential 
£obs across the silver iodide membrane for various concentrations of KCl are given in 
Table IB, (Fig. 1). 
TABLE lA 
CALCULATED VALUES OF DONNAN POTENTIAL (TTI + ^tj) , DIFFUSION POTENTIAL {(p2—<^i) AND TOTAL MEMBRANE 
POTENTIAL £ „ , , j ACROSS THE SILVER IODIDE MEMBRANE IN K C l OF VARIOUS CONCENTRATIONS, ASCRIBING 
VARIOUS VALUES TO 0)X ( T H E MEMBRANE FIXED CHARGE DENSITY) ( A T 2 0 ° C ) 
(ox/N Concns. aj/aj/M {%^+7Z2)/mV {<l>2-<l>,)/mV EcaiJmV 
-0 .4 1/0.1 31.4 
-0.74 30.66 
0.1/0.01 56.58 
-0.05 56.53 
0.05/0.005 57.73 
-0.01 57.72 
0.01/0.001 58.2 0.00 58.2 
0.001/0.0001 58.2 0.00 58.2 
-0 .1 1/0.1 10.89 -1.07 9.82 
0.1/0.01 46.21 
-0.38 45.83 
0.05/0.005 53.3 -0.17 53.13 
0.01/0.001 57.85 0.00 57.85 
0.001/0.0001 58.2 0.00 58.2 
-6.06 1/0.1 6.72 
-1 .1 5.62 
0.1/0.01 38.5 
-0.58 37.92 
0.05/0.005 48.51 
-0.32 •48.19 
0.01/0.001 55.9 
-0.12 55.78 
0.001/0.0001 58.2 0.00 58.2 
-0.02 1/0.1 2.27 -1.12 1.15 
0.1/0.01 19.7 
-0.96 18.74 
0.05/0.005 31.2 
-0.75 30.45 
0.01/0.001 53.2 
-0.17 53.03 
0.001/0.0001 58.2 0.00 58.2 
-0.01 l/O.I 1.12 
-1.28 -0.16 
0.1/0.01 10.89 
-1.07 9.82 
0.05/0.005 19.68 
-0.95 18.73 
0.01/0.001 46.25 
-0.38 45.87 
0.001/0.0001 57.85 0.00 57.85 
J. Electroanal Chem., 23 (1969) 147-156 
150 F. A. SIDDIQI, S. PRATAP 
TABLE IB 
OBSERVED VALUES OF MEMBRANE POTENTIAL E„^^ ACROSS THE SILVER IODIDE MEMBRANE IN K C l AT VARIOUS 
CONCENTRATIONS ( A T 2 0 ° C ) 
Concn aja-i 1 M/0 1 M 01 M/0 01 M 0 05 M/0 005 M 00] M/0 001 M 0 001 M/0 0001 M 
Observed 0 4 
membrane 
potential 
£„bs (mV) 
139 23 0 410 5167 
KCl 
6 0 1 
Fig 1 Membrane potentials across silver iodide membrane in KCl of varying concns (O) Calcd values 
assuming mx equal to (1) - 0 4, (2) - 0 1, (3) - 0 0 6 , (4) - 0 02, (5) - 0 01 N ( • ) Observed values (with 
dashed line) 
The fixed charge density of the silver iodide membrane was thus found to be 
- 0.01 N. Assuming the same value for fixed charge density, the values of Donnan 
potentials, diffusion potentials and total membrane potentials were calculated for 
NaCl, LiCl and NH4CI at various concentrations. The calculated and observed 
values are given in Table 2 and shown in Figs. 2, 3 and 4. 
A very good agreement between the observed and calculated values of mem-
brane potential is observed in the case of KCl and NH4CI, thus showing that the 
behaviour of the silver iodide membrane is closely allied to Teorell's model. The 
agreement is only fair for NaCl but in the case of LiCl the deviation is quite marked. 
It should be noted that in our calculations we have assumed that the ionic mobilities 
in the membrane are the same as those in the free solution. The diffusion data in the 
literature show that the ion mobilities go through a considerable change in a charged 
phase, and hence apparent anionic mobilities (assuming cationic mobilities to be 
constant) were calculated as suggested by Willis^ 
The electrochemical nature of the membrane and its influence on the mobilities 
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TABLE 2 
CALCULATED VALUES OF DONNAN POTENTIAL ( K J + Ttj), DIFFUSION POTENTIAL ( 0 2 - "/"l) AND TOTAL MEMBRANE 
POTENTIAL E^^xc ( A S S U M I N G C C I X = - 0 0 1 N), AND THE OBSERVED VALUES OF MEMBRANE POTENTIAL i'obs 
ACROSS THE SILVER IODIDE MEMBRANE IN N a C l , L l C l AND N H 4 C I OF VARIOUS CONCFNTRATIONS ( A T 2 0 ° C ) 
Electrolyte Concns {nt+7t2)/mV {(p2-(j>i)/mV E^JmV E„JmV 
a i / f l j /M 
NaCl 
LiCl 
NH.Cl 
1/01 1 12 - 1 2 12 - 1 1 0 - 0 9 
01/001 10 89 - 1 1 9 6 - 1 0 7 8 20 
005/0005 19 68 - 1 0 99 8 69 2011 
0 01/0001 46 25 - 4 8 4145 40 75 
0 001/00001 57 85 - 0 1 57 73 48 7 
1/01 1 12 - 1 9 1 - 1 7 98 05 
01/001 10 89 - 1 9 22 - 8 33 13 1 
005/0005 19 68 - 1 8 08 16 18 34 
0 01/0001 46 25 - 8 3 8 37 87 40 57 
0 001/0 0001 57 85 - 0 22 57 63 47 75 
1/01 1 12 - 1 1 6 - 0 0 4 - 0 1 3 
01/001 10 89 - 1 1 9 79 15 45 
005/0005 19 68 - 0 99 18 69 216 
001/0001 46 25 - 0 39 45 86 43 4 
0001/00001 57 85 0 00 57 85 45 0 
Fig 2 Membrane potentials across silver iodide membrane in NaCl of varying concns (O) Calcd values 
assuming a)x= - 0 0 1 N , ( • ) observed values 
of anions were also studied by calculating the mobility from the equation 
u V 
E^ = — — X — In — (£„ is the membrane potential) (5) 
u+v nF /2C2 
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where the various terms have their usual meanings. This procedure has been used by 
Wilhs^ in the case of a cupric ferrocyanide membrane, and Malik and Siddiqi* in 
the case of a large number of metal ferrocyanide and ferricyanide membranes. The 
apparent anionic mobilities were calculated over the concentration range 1 — 0.0001 
60n Li CI 
Fig. 3. Membrane potentials across silver iodide membrane in LiCl of varying concns. (O) Calcd. values 
assuming cox= —0.01 iV; (#) observed values. 
NH4C1 
- 1 0 
Fig. 4. Membrane potentials across silver iodide membrane in NH4CI of varymg concns. (O) Calcd. 
values assuming cox = 0.01 N; (•) observed values. 
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M, keeping ai/a2 = 10. The values of the mobility u for NH4, K"^ , Na" ,^ and Li"^  were 
taken to be those in free solution. The plots of log 1/ai (where Ui is the higher concen-
tration) vs. apparent anion mobility for all the four electrolytes are shown in Fig. 6. 
The values of the transport numbers of cations t+ were calculated from the equation: 
t+ = z+z_ 
z++z^ 
E^F 
RT In 
/2C2 
+ z++z_ 
(6) 
for different electrolytes at various concentrations. The transport numbers of chloride 
1.0 n 
QB-
0.6 
0.2H 
— log Q, 
Fig. 5. Plots of P, vs. log l/Oi for various electrolytes. (O) NH^Cl, ( • ) KCl, (D) NaCl, ( • ) LiCl. 
7 0 -
> 60-
3 0 
E 50-
c 0 ^ v ^ « 
0 
fe'»Oj 
£ 30-
0 
a 
a < 
2 0 -
10- N v ^ — '^  
0- 1 1 
0 1 2 3 
— log Oi 
Fig. 6. Plots of apparent an ion mobility vs. log 1/a, for various electrolytes. Designations as Fig. 5. 
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ion in an anionic membrane such as permionic ARX-44 were investigated by Clark 
et al}^. They plotted t_ against n where n is the geometric mean of the concentrations 
of two solutions across the membrane. A similar procedure was adopted in the case of 
the membrane under investigation and log n was plotted against t+ for different 
cations; the plots are shown in Fig. 7. From the Figure it is quite clear that the values 
of the transport numbers of cations continue to decrease with increase in concentra-
tion. Jacobs^* while using membranes of polymethacrylic acid in KOH solution over 
a wide concentration range found similar behaviour, i.e. t+ decreased with increasing 
concentration of the electrolyte. 
The permselectivity P^'^ of the membrane is given by 
where £+ is the transport number in the membrane phase under highly idealized 
conditions of the TMS model 1 and is given by; 
-t. = ^ + 0.5 (8) 
^ •'-'max 
According to Spiegler et al.^^, the permselective materials are defined as the 
media which transfer certain types of ion in preference to others. Tolliday et al.^'' 
have reported that cupric ferrocyanide membrane behaves similarly in some respects 
to the electronegative membrane of Sollner. The values of P^ calculated from the 
above equations are plotted vs. log l/aj (see Fig. 5). The permselectivity P^ increases 
abruptly in the region log 1/ai ->• 1.5-2.5. The values of (+, t+, P^ and apparent 
anion mobility for various concentrations of different electrolytes are summarized in 
fable 3. 
The chief results of all these investigations show that the membrane potential 
can be determined with reasonable accuracy, and that in the case of a dilute solution 
it is somewhat closer to the maximum value (highest value of £+ and therefore greatest 
1.01 
0.9-
0.8-
0.7-
0.6-
0.4 
0.5 i n IS 20 2.5 3.0 3.5 
- log n 
Fig. 7. Plots of £+ vs. log 1/n for various electrolytes. Designations as Fig. 5. 
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TABLE 3 
VALUES OF t+,l+, P, AND APPARiNT ANION MOBILITY FOR VARIOUS ELECTROLYTES AT DIFFERENT CONCENTRA-
TIONS FOR SILVER IODIDE MEMBRANE ( A T 2 0 ° C ) 
Electrolyte Concns t+ U Apparent anion mobility*/ 
cm^Q~^ equiv ~ ' 
NH.Cl 
KCl 
NaCl 
LiCl 
1/01 0498 0498 0 0 73 7 
01/001 0 643 0 671 00784 40 7 
005/0005 0 698 0 74 0139 31 6 
0 01/0 001 0 887 0 982 0 84 9 3 
0 001/00001 0 893 1 1 88 
1/01 0 5038 0 504 00004 72 3 
01/001 0 628 0 634 00161 43 6 
005/0005 0 709 0 722 00446 30 2 
001/0 001 0 863 0 896 0241 117 
0 001/0 0001 09507 1 1 38 
1/01 0491 0 491 000 516 
01/0 01 0 575 0 584 0 02 37 0 
005/0005 0 682 0 706 0074 23 3 
0 01/0001 0 86 0918 0411 81 
0001/0 0001 09248 1 1 41 
1/01 0 504 0 505 0002 38 1 
0 1/0 01 0 620 0 637 00447 23 6 
005/0005 0 667 0 692 0075 19 4 
001/0001 0 859 0 924 0 461 64 
0 001/0 0001 0 917 1 1 35 
* Relative to free solution mobility of K"^  being taken as 73 5 
value of Ps). With more concentrated solutions this is not so, the membrane potential 
IS progressively smaller than the maximum value. This is readily explained in terms of 
a decrease in membrane selectivity with increasing concentration of co-ions and 
diffusion of electrolyte through the membrane. All ion exchange membranes lose 
permselectivity with increase in concentrations of the solutions they separate. The 
parchment-supported silver iodide membrane shows high selectivity in the dilute 
range. In some ways this membrane is similar to an anion exchange membrane. This 
view is further confirmed by the observation of Heymann and Rabinov'* that, like 
purified cellulose, parchment also contains exchangeable cations (and therefore acid 
groups) as part of its structure which may account for its negative charge. The exchan-
geable cations of this structure will be free to move in the pores and give an apparent 
increase in the cation mobility and therefore a decrease in the anion mobility (Fig. 6). 
Within the pores there will be a diffuse ionic atmosphere from the charged wall. The 
thickness of this atmosphere depends upon electrolyte concentration; in very dilute 
solutions of the electrolyte which are in contact with the membrane, the thickness 
becomes so great that only cations are present in the pores and the membrane is 
cation-permeable only (high value of Pj). As the concentration increases, the thickness 
of the ionic atmosphere decreases and anions will also be present; at high enough 
concentrations the ionic atmosphere will be negligible in comparision to the pore 
radius and the effect of the membrane vanishes. 
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Spiegler et al^^ working with ion-exchange resin systems have explained the 
loss in permselectivity as due to mcreasing penetration of anions and cations into 
cation and anion exchange resins, respectively, and to the water transport If the 
solutions are concentrated, the membrane acts as an inert material and the potential 
difference between the two solutions approaches the liquid junction potential value 
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SLTMMARY 
Membrane potentials across parchment-supported silver iodide membrane m 
NH4CI, KCl, NaCl and LiCl solutions of various concentrations have been determined 
to evaluate fixed charge density (cox) and permselectivity of the membrane, cox of 
silver iodide membrane has been found to be — 0 01 iV The effect of concentration on 
transport numbers, apparent anion mobility and permselectivity has been studied 
The results have been discussed m the light of the TMS theory 
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STUDIES ON MEMBRANE CONCENTRATION POTENTIALS ACROSS 
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INTRODUCTION 
Membrane potentials have been regarded for a long time as a measure of 
the membrane selectivity. Moreover, studies of membrane potentials constitute one 
of the various approaches to understanding the mechanism of membrane behaviour. 
Various factors have been considered as governing membrane potentials. 
Among these the membrane fixed charge density, pore size and geometry, adsorption, 
ionic size and ionic mobilities are of key importance. Teorell^, Meyer and Sievers'^, 
Sollner^ and Michaelis* have discussed these factors critically. Willis^ studied the 
membrane concentration potentials across a parchment and a copper ferrocyanide 
membrane in solutions of various electrolytes and examined the effect of anionic 
adsorption, ion valency and electrolyte concentration, etc. Malik et al.^ extended these 
studies to a-number of other ferrocyanide meinbranes. The fixed charge density of a 
parchment-supported silver iodide membrane and its pcrmselectivity in solutions of 
some alkali metal chlorides have already been reported^. Little work has, so far, been 
done on membrane potentials in solutions of 2:1 electrolytes. Willis^ has reported 
the concentration effect on membrane potentials across a parchment membrane in 
solutions of BaClj. We have studied membrane concentration potentials across a 
parchment-supported silver iodide membrane in solutions of BaClj, CaClj and Mg-
CI2 of varying concentrations and the effect of electrolyte concentration on the mem-
brane pcrmselectivity, cationic transport numbers and apparent anionic mobilities 
for these electrolytes. 
EXPERIMENTAL 
The membrane was prepared as described earlier^. Membrane potentials were 
measured by constructing a cell of the type: 
SCE I Solution (ci) | Membrane | Solution (cj) | SCE 
The same electrolyte was used on both sides of the membrane and the concentration 
ratio C1/C2 was kept equal to 10 throughout. The membrane potential in some 
cases increased with time whereas in other cases (usually at higher concentrations) 
Present address • Solid state Physics Laboratory, Lucknow Road, Delhi-7 (India) 
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)t decreased with time The solutions on the two sides of the membrane were changed 
a number of times until the membrane potential commenced from the same value 
This value was taken as the membrane potential at that concentration ratio 
The membrane potentials were measured at 20 + l°C with the help of a Pye 
precision potentiometer 
RESULTS AND DISCUSSION 
Membrane potentials across a parchment-supported silver iodide membrane 
in solutions of BaCl2, CaCl2 and MgClj of various concentrations are given in Table 
1 The sign of the membrane potential refers to that of the dilute solution 
The cationic transport numbers inside the membrane t + , have been calculated 
using Kittelberger's equation^ 
2 E F 2 
+^ = a pT i^ //'—77—^ + 1 (for a 2 1 electrolyte) 
£,„ IS the membrane potential and the other terms have their usual significance 
Concentrations are expressed in equivalents per litre Permselectivity of the mem-
brane, Fj, (which is the measure of the membrane selectivity for the counterions over 
co-ions) was then calculated using the relation 
given by Winger et al^° ,t+ is the transport number of the cation in the free solution 
TABLE 1 
VALUES O? MEMBRANh POTENTIALS, CATIONIC TRANSPORT NUMBERS IN THE MEMBRANE, t + , MEMBRANE PERM-
SELECTIVITY /"s AND APPARENT ANIONIC MOBILITIES EOR A PARCHMENT-SUPPORTED SILVER IODIDE MEMBRANE 
IN SOI UTIONS (OE DII lERENT CONCENTRATIONS) OF B d C l j , C a C l j AND M g C l j 
Electrolyte Concns Membrane f + P. Apparent anionic 
C1/C2 potential/mV mobility/Q~ ^ crn^ 
equiv ~' 
BaClj oooiiv/oooom 24 25 0 9533 0915 3 12 
OOlA'/OOOlA' 2010 0 9142 0 847 5 97 
005Af/0005W - 3 84 0 6168 0 326 39 53 
OliV/OOlN - 1 5 07 0 4639 0067 73 52 
lN/0 IJV - 2 6 66 0 3040 - 0 1 2 1 145 6 
CaClj OOOlAf/OOOOlAf 23 40 0 9432 0 899 3 58 
OOliV/OOOliV 1395 0 8383 0718 1147 
O05W/0 005iV - 160 0 6460 0 396 32 60 
OIN/OOIJV - 1 2 7 5 0 4988 0156 59 75 
lAf/OlN - 2 3 99 0 3584 
— 
106 5 
MgClj OOOlAf/OOOOJJV 20 04 0 9034 0 837 5 67 
0 01 N/0 001N 1201 08137 0 690 12 14 
005N/0 005iV - 3 00 0 6287 0 396 3134 
OIAT/OOIW - 1 6 00 04603 0137 62 20 
1 N/0 IN - 2 7 15 0 3286 0 054 108 3 
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Apparent anionic mobility, v (which not only refers to the relative speed of 
the anions in the membrane but also to the probability of the anion entering the mem-
brane pore)^, was calculated relative to the cationic mobility using the equation 
u/Z+ —v/Z. 
£,„ = 
u + v 
— I n ^ 
• f /2C2 
The cationic mobility in the membrane, u, is assumed to be equal to that in 
the free solution (for Ba^" ,^ Ca^ "^  and Mg^"^, u has been taken to be 63.64, 59.5 and 
53.06 Q'^ cm^ equiv"' respectively). 
Cationic transport numbers inside the membrane j + , permselectivity, F„ and 
the apparent anionic mobihties for the three electrolytes are also given in Table 1. 
The membrane potential, permselectivity, cationic transport number £ + 
and apparent anionic mobility are shown as functions of log Cj in Figs. 1, 2, 3 and 4 
respectively. 
In all cases the membrane potential falls with increasing concentration be-
cause with increase in external electrolyte concentration more and more co-ions 
enter the membrane pores and the membrane thus loses its selectivity. Permselectivity 
and cationic transport number in the membrane also fall with increasing external 
electrolyte concentrations, for the same reason. 
In the case of BaCl2 at the concentration ratio 1 N/0.1 N, the membrane po-
tential falls even below the Hquid junction potential thus indicating that membrane 
charge reversal (from electronegative to electropositive) has taken place. Further-
more, at the concentration ratio 1 N/0.1 N, i+ becomes less than f + and P^ becomes 
negative showing thereby the attainment of a positive charge by the membrane. 
In the case of MgClj the membrane potential does not fall below the liquid 
Fig. 1. Membrane potentials as function of log l/cj for various electrolytes. (O) BaClj, ( • ) CaClj, (®) 
MgClj. 
Fig. 2. Permselectivity (P^ vs. log 1/c, for the three electrolytes. Designations as in Fig. 1. 
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- log c, - log ci 
Fig. 3. Cationic transport number in the membrane (t+) vs. log l/Cj for the three electrolytes. Designations 
as in Fig. 1. 
Fig. 4. Apparent anionic mobility vs. log l/c, for the three electrolytes. Designations as in Fig. 1. 
junction potential, P^ remains positive and f + remains greater than f + throughout in-
dicating that adsorption of cations may not be strong enough to reverse completely 
the membrane charge. 
In the case of CaClj the membrane potentials are less negative than those 
for BaCl2 at higher concentrations (cj >0.05 N) and at these concentrations, t+ 
values for CaClj are greater than those for BaCl2 indicating that the reduction of the 
membrane charge has taken place to a lesser extent than for BaClj. However as t+ 
is not known at 1 iV concentration, it has not been possible to determine the permselec-
tivity of the membrane or whether the membrane reverses its charge or not for CaCl2 
at 1 Af/O.l N concentration ratio. 
In all the cases reported apparent anionic mobility increases with increasing 
concentration of the external electrolytes thus showing that more and more anions 
enter the membrane pores and also that their speed inside the membrane pores in-
creases relative to that of the cations. In the higher concentration range, the increase 
in the apparent anionic mobility is more pronounced in the case of BaClj because the 
charge reversal of the membrane results in the reduction of the cationic mobility 
inside the membrane. 
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SUMMARY 
Membrane concentration potentials across a parchment-supported silver 
iodide membrane in solutions of BaCl2, CaClj and MgCl2 of different concentrations 
have been measured. The effect of the external electrolyte concentration on the mem-
brane potential, membrane permselectivity (P^), cationic transport number in the 
membrane (£+) and apparent anionic mobility have been studied. Membrane poten-
tial, Ps and E+ fall, whereas apparent anionic mobility increases, with increase in 
external electrolyte concentration. This behaviour has been attributed to the loss of 
membrane selectivity with increase in external electrolyte concentration as well as 
to the reduction m the membrane fixed charge density due to adsorption of cations at 
higher electrolyte concentrations. In the case of BaClj at a concentration ratio of 
lAf/0.1 N the membrane charge reverses its sign from electronegative to electropo-
sitive. 
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-md&mM^. n^famm* 
Slffa^ldtt s^t00 of KOt* llaGl# M€1| BaGlfl||.art«l MgClp though 
i^ 5afl<sti0 t« j^s0mtm'»O0 weias sa constant flmr method* Activation enep-
giag end iraflofya %i?irig i^tiiration- ptxTmmfi&t& tov th® <Jlffu8i«»i of 
ikmm e l ec t ro l i e r imm i ^ o Iscoa <3imluatea# tli© diffu^oti rat© 
0#(tti©nees oMtOMQ^ ar© Kai> ife(23.> IiiCa. and BaCla >CaCl2 ;>MgCl2 
014 %1msr Vf>1iMt tQ'^atd® Wm w^t Held str©ngtt» of ^® aeaibrGne fixed 
ohargM groups* airfiisloii codfi lol^ts and the irarioue Eyring aet i -
vatXm paraaatora fcw^ Iseen related to the ionic hydrafeed siaes and 
th© imrioiis thsrmod^^ale ^ua'Vv:'iti«s of ionio liydration thus otapha-
sisijag th© iaijortcsnc® of ioa hydration in diffU8i<»i aerosa tim siembreiie, 
mmpmm 
PimeaMlitJy of inorganic pradpitat© oeabraa©© to eleotroXytes 
ha« tM8e» ttie s«b3®ot of inTO!?tiSatic« of a nt»l>©r of worker© . ^ 
Various factor© have boen c<«sid«r«d as gowming the diffusion process 
acro0s mmhtmoB* Aceording to taoreili Meyer# and Sidvera^ tJiO vails 
of t*ie memhrano poras carry a atesbar of fi»id cdiarges du© aittiar to 
adsorption or i^Msr&ticai* k Doanan typa of equilibrium collides tha 
Goim& ttm th© ta©»br^t poras ( tba axeluaion b«ing coapleta in case 
of tfc© KeaibrsBrjos in contact vith dilute solutions) ^jliaroaa th© counter-
in-|-ii--mfr Irii-niTTii-im n ii---irrir~' ' ^ -—n » — » — ^ ,^.-^.. . - . . . .•^.,.,._,...„>....,_„»....>.^,.>_......^,.,...__.....,^ ..,,^,, _,. ....^ , . . . . ^ ^ . ^ 
^ Prasant Addrosas Solid stafe^ i H^sics Iiaboratory, D«lhi-7f India. 
* s -
Ills© «n im ^wc^m^r^ 
*B0 hmln for %m m'^imvim. mlm^twi^r of im eselw^^rs 
b©0n ¥0rt?©4 ««at ^7. ^jmgor, Sisomau and Sli0i^ «f? moT&m Otegoa?' 
as of k©r i«|iortan«a* I t mm^ tti^rofoi^, tfemagiit worth tifeii© to 
mssswr© tlit^  iiffiaslci* rati© of WJPimis GlkaJ.! ipd olkalta^ &mth 
0telori<les CK03.f UaC t^ MCa, BaGla^  <^ ti0a.2t Qftd MgOlg) j^ro i^gli a 
pai*efei9«aiit iRip|«rta4 ^xvos? io&de ta i^feraiie m^ to inwstigat© th© 
TOlatiosiateips bot:.*CQB tlio <lli*f-joiQ» mtes of eleetrolrt^e and the 
^©rgatios 0f dtfaieim e® tli@ «^ ie hand m<i tim l3^rated icsiic siae 
xpd th« €nerft©tlcu of ianio Ijylystiott oa the other* fli© jpssuXts are 
pi?©s«nt«d-i»-tfiia-pii5ptF*-^^ ^ ^ 
Py0»&ratiqn of Siiyi^r Itxiidt ^«to9«e 
p&t(S&mt fijp^rttd @iiv#r iodide laembr^e WI,B pmpm&d m d®e<sflbsd earUtrB* m© ai»«& ©f «ross option of lOie oembran© ®nd th» 
g«®i?ag® ^ii«te®«8 of tijf BSjMi^ spfi -m^m m*^Z m^ and OtO^ m mn* 
Meastir«!wsnt of Mfia&im Hate 
th© dlff^iim rfttes wsre ©tasured using tho ecmatant flair 
setliod stigg«st0d ^ Hartwng ©t al*** 3Ds iMs wothod th« ©lactrdlyte (0»2SMI) and ddtit>l«»«*dist411td vsttr wert allowtd to flow atyafiown 
2*at«0 thyottSpi the "opp^if and Xcwer half-cellg* wspoctiwi^ of a 
c»ll hatdtog th« i^ K>rao« fimd teoyisontaUy in bttweesn th# tvo half* 
e»Ili« Tip CQn<s*ntr&tim of Us» ^ttlvmnt ocxalng out from th« lower 
«l» Jl «» 
fealf mXl vas »9asur©a ocsridsxetcemtrlcallsf, Altet SOBS© tlae i t 
r#a^i«d n 0t»a«&' ^ 3^^» Fr« f i^lf @fc©a^  uoaeentration i^ iilw® and 
- 1 ^ tkm r&t« tlie dlffii0loa rat® was-«sa««dLat©i* 
1!m corjtSaefclvity ia»as'jr0:iant8 WBTQ tmxTi9<k out with th© imtp 
of a lITil j^mt tm/B Qosauctl'gltr bridg©* (This condMCtlvity tmtav 
nnm a is»©attt6a# brings m.^ tmo-mrm t^slstdnc* «n1^#) 
Diffasion s-sttsi %, for tij© ©It^trolytas liair© fe©^ oeamired 
at fi'V® t©sjp©rEti»a0 <t0^, 1^®5 ao**t 0®» fffid 30** C*). f^pom thes© 
ilil'fitsiaii rat^0 eof^ ospoTKllJin ^ftn^m eo0fli«lentt| »^, Iiaiifts tsecm 
% « »4s U / t )A0 *.•. CD 
%feaiPi A and t om ^m sros of cross mtstlm m^ avsr^a ^sietoess 
of ttm mmUbTm^ i^speotivelTt sJJd AG i i ttm ^m^n^rattm dtffersnee 
frm tla« ^©fe« of l«^ D^  *g®iiifflt 1/f Ct i s tte ^B&mtn teis* 
piratwi) , i*k0tm iii Hgus^ l^tiitrgiiis of aetivati<mf B^ p t&Xf ttm 
aiffueioR of tM»t »x«otrolyt0s hwm twen calotaatddf ths «iit!jal|!ar 
of aetiimfclen /^ H , «ntrop3r of activation AB^f md tlis ttm ©nesfgy 
of i«stivat4o« 6S^f feavo tlitn 1>»«n oaloulated using tto© follo^ng 
A H ^ B* *"Hf • . , (2) 
•» { ) •« •> 
H0]?e k Is the BoXtmmn ecaigtant, h I s Plawck'a eongtant^ and 7^, 
the mean distajice betiii?Q©a e«c:©ssiim otjtJilibrlxia positlonS| has 
been assumed to h© 3 1 for allicai chlorides and $ 1 f©r aXfeallae 
a 
earth chlorides, the values of'^ ohosen for the alkaH and alkaline 
earth dJlerides ore of the order of th® mean distanea of a^ >piPoaoh 
10 
of ions fos^  these ©lectrolyfcos as has also heen done by Tien and ting, 
.W.i?ftisi<gi-eoQfl*icientsj~actiirati®n energiesf m^ ifWPi©n& — 
Byring parcKieters for imriotas elootipolytas ara glwn in tahla 1* 
B»om ^twatic^s (3) and (li.) i t follows that B^ » th® aiffusic»i 
coefficient I and ^G^ha free energy of activation, .^onld vary in 
opposite dir©ctio?iS| and this i s in agraemeat with ota? datat Ho^veri 
the diffusion eoefficiant of an ©leetrolyte i s not solely governed 
by the aetivaticai energy as tin enti^opy of activation, As% has also 
to be considered* Thus KCl may diffuse faster than HaCl i f 6 S^ for 
KCl i s greater than that for fJaCXL even though the activation energy for 
KCl may be greatei? than that for ffaCa as reported in fable t* Larger 
(\ B "Tor Kd implies a greater probability of the formation of ac t i -
vated complex, Variation of penaeability and activation energy in 
similar directions have also boon reported by Oregor ot al^^ and 
12 Hogg et al . 
the diffusion of an electrolyte throngh a membrane is slower 
than its diffusion in free sol\itlon« !Ehis is due to a n\Mber of factors 
such as the pore sijge of the moabransi fixed charges attached to the 
aeabrane pores, pore geometry, ctc^ The la^abrane may show preference 
m ^ m' 
BHEHSBs, %» m> mmom mm^a kcsimnm pm^mnp^m (at 2f*c) wm tag 
BiFinisiotf 0? mmom TmcmohTms kmom k BXhmn tmtm mmmm 
mwmitmmimfmmtm$imri«*'»«^<'i»M»''''»"»*^'»M''*i-vi>-'m 
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to one ^ovnt^tlm over th© othoj?* IKiis resxilts in selectiire ion 
exchange and in different diffuslonjpates of the electrolytes having 
the sase oolcm twt different coynterions^ According to Gregor^, an 
ion exchanger discriminates mongst various eounterions on the basis 
of their hy^ated sise»' Mmmr^t-f Gregorys theory fails to acoomt 
to3P a nvmh&r of actually oyiB&i^ire& rot^rsed affinity sequences• 
6 
According to EiseniB^a the seioctiirity depends ttpon the energetics 
of hydration and the ionsite Interaction* For tan exchangers with 
fixed charged groupings harins w a k field strength the seleotiid.ty 
sequence is governed "by the differences in the hydration energies 
of co^interionsw In aiioh casos the normal selectivity seqtienee 
K ^ Ma ^  l»i should r©0«lt» On the other hand for the i<»i exchangers 
with charged groupings having iiigh field strength the selectivity 
sequence is govsamod hy crystallographle radii of connterions* In 
tmdh cases the selectivity seqiionce I»l > Ka /" K should result* 
Eisenman predicted a nuaber of intermediate selectivity sequences 
for alkali aetal ions for ion exchangers wlt^ charged groups of 
intermediate field strengths. Sherry^ working on the lines of Eisentaan 
predicted a number of sele ctivity sequences for alkaline earth ions, 
the two esrtreme ones being B a > Ca> Mg ( for low field strength 
groups) and Mg > Ca> Ba ( for high field strength groups)* On the 
basis of the EisenHan - ®ierry theory^ the diffusim rate sequences 
obtained in our caso, viz.» KCl ^  HaCa^ IdCl and BaCl2>0aCl2 ^gClg 
point towards the x^^^k field strength of the charged groups of the 
silver iodide siembrene* fhe diffusion coefficients of these electro* 
lytes and the free energle^s of activation for diffiislon of these 
electrolytes mQ:s^^ therefor©i be closely related to the free energl^B 
*• 7 -
of W^atlm of caticms» Hoto of diffusion eoefflclents < at 2^C) 
of various ©leetrolyfeea agolnst AS^ jy<| and AOjjy^ values (also at 
O -f' 
^$ C) for the eorr©spondlng cfitlona <Eig,2) and th© plots of A H \ 
<^0^, and AS^alues ( at 2^%) for the diffusion of various electro-
lytes against ^\j^ f ^%rd » ®^ ^ a^Suy^ values respeetiviBly 
for the corresponding cations (Hg#3-^) shov that such a relationship 
exists* IHcm therfflo^bmamlc values for the hydration of various oatims 
are taken frcia Hoy^s's data^^ 
As the sel^etirl ty seanenoes predicted by dregor are the same 
as those predicted by Eisemian aijd Sherry for the meiabranes with 
charges having m^ field strmgth, the diffusion rates obtained in 
our eases eihouid ^ow dependence upon hydrated cation sizes to the way 
suggested by Gregor* This i s quite clear from the observed diffusion 
rate sectuencesf K"** and Ba^* having the saaliest hydration siaes have 
the largest diffusion coefficients amongst alkali and alkaline earth 
chlorides respectively, 
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